




General heavy-duty switchgear is here shown in the assembly stage in a modern works The size and weight of 
this apparatus necessitates allocation of much space and poweiful lifting gear tor assembly purposes 
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INTRODUCTORY ARTICLE 


ELECTRICAL EDUCATION AND EMPLOYMENT 

Practical and Theoretical Training in 
the Electrical Engineering Industry 

By Philip Kemp^ M*Sc*(Tech.)# M.LE*Ev Head of The 

Polytechnic School of Engineering 


E lectrical engineering is a skilled 
p>rofession, and to achieve success 
in it at the present day a proper 
training is essential. In the early 
days, when it was largely an empirical art, 
men grew up in the industry, with no 
specialized initial training, gathering their 
experience in an experimental way as 
they went along. Their efforts were often 
of tlie trial and error type. At the 
present time such a mode of procedure 
does not lead to sucvcess even if disaster 
is avoided. Technical knowledge has 
reached such a pitch, and competition is 
so keen, that an electrical engineer must 
ha\’e surer knowledge on which to base 
his actions and decisions. The day of the 
so-called “ practical ” man, who often 
decried theoretical knowledge well know- 
ing himself to be woefully lacking in that 
direction, is gone, never to return Equally, 
the theoretician, the paper ” engineer 
without piactical experience, is inadequate 
in this modern complex world. Wliat is 
demanded is a proper balance of theoreti- 
cal training and practical experience. 
Neither is sufficient in itself. 

^T'he education of an electrical en- 
gineer is thus seen to consist of two 
parts : (i) theoretical and (2) practical. 

Tlie tlieoretical and technical j^art of the 
training is best obtained at a University 
or Technical College, where tlic student 
may study under the personal su]KTvision 
of men skilled in their particular art. 
Real practical experience can only be 
gained under actual working conditions. 
A student can usefully be introduced to 
workshop practice in his college, but he 
can never spare sufficient time to this 
aspect of his work for real proficiency. 

Problems of Modern 
Technical Training 
'T'he technical training of a piospec- 
tive electrical engineer is a problem 
to which much thought has been given. 
The first problem is whether the theoreti- 


cal and technical part or the practical 
part of the training should come first. 
Both methods have points to recommend 
them. If a practical apprenticeship is 
served before the college course is under- 
taken, the student wall appreciate to a 
much greater degree the practical impli- 
cations of much that he is taught. He 
has acquired an engineering sense. 

/^N the other hand he will, to some ex- 
tent, have lost the capacity for study. 
The hiatus between his school and his college 
days, a matter of years, is such that he has 
frequently got out of the way of studying, 
and a return to the student mode of life 
often demands a very serious effort of 
will power. In a number of cases this effort 
seems to be beyond the capacity of the 
student to make. As a consequence his 
technical studies sutfer. On the whole, 
the consensus of opinion in this country is 
that it is better to carry straight on with 
the technical studies immediately on 
lea\'ing school, and to acquire practical 
experitnee by a later apprenticesliip. 

The “Sandwich” 

System of Training 

A NUMBER of eminent engineers recorn- 
mend a course which is a compromise 
between the above two schemes, the so- 
called “ sandwich " system. The trainee 
spends alternative years in college and 
works until his period of training is com- 
plete. Alternately he may s])end tlie 
winter months in college and the summer 
months in works. Both systems are 
followed. Such a scheme, for its successful 
operation, demands a close co-operation 
between tlie college and a number of 
engineering factories, permitting an easy 
flow of trainees from one to the other. 
Practical difficulties are apt to occur on 
account of the strain which may be ex- 
perienced by the engineering firms in 
absorbing all the candidates in times of 
industrial depression. 



INTRODUCTORY ARTICLE 


Apprenticeship and Even- 
ing Studies Compared 

Tn many cases a young man must 
necessarily carry on his studies 
simultaneously with serving his appren- 
ticeship. He carries on his ordinary voca- 
tion during the day and turns to his 
studies in the evening. This system can 
never be so satisfactory as that embracing 
a full-time course of study followed, or 
preceded, by a course of apprenticeship. 

In the first place the student is tired when 
he comes to his studies, having already 
presumably done a day's work, whereas 
the full-time student comes to his studies 
in the morning when he is fresh. Again, 
a part-time evening course usually covers 
some eight hours per week, arranged over 
three evenings, as against, say, thirty 
hours per week arranged over five days. 
The full-time student can devote any or 
all of his evenings to private study in con- 
nexion with his course, whilst the evening 
student can only devote the remaining 
evenings to study. This leaves out of 
account entirely all time spent in recrea- 
tion and leisure, and these are essential if 
a student is to keep up with whnt is 
admitted to be a heavy programme. 

A T the present day the total time 
recommended for the period of 
training in this country is three years in 
college followed by a recognized appren- 
ticeship course of two or three years for 
the full-time student, and five years 
evening classes carried on simultaneously 
with an apprenticeship lasting an equal 
time. It is interesting to note, by the 
way, that the evening class type of train- 
ing does not find favour on the Continent, 
and seems to be largely British in its 
origin. 

There is another type of training which 
is open to those to whom it appeals, viz, 
that oftered by the correspondence college. 
This cannot be recommended except in 
those cases where it is impossible for a 
student to attend in person. Tn a corre- 
spondence course, personal contact with 
the lecturers and tutors is necessarily 
absent, and this human touch is extremely 
valuable as an aid to engineering educa- 
tion. A letter or a gramophone record can 
never replace the actual teacher. Again, 
the laboratory and workshop play an 


extraordinarily important part in the 
technical education of a student, and 
should by no means be omitted. 

An Education Never Complete 

^HE engineer should realize that his 
education is never complete. Change 
and advancement are constantly taking 
place, and an engineer must either march 
with the times or else rapidly become a 
back number. He must either advance 
or fall back ; he cannot stand still. To 
this end he must keep himself in touch 
with modern developments through the 
medium of the technical press and by 
the aid of the various professional en- 
gineering societies. Membership in one 
grade or another of at least one of the 
leading engineering societies is highly 
desirable, if not essential. The premier 
body which caters in this way for the 
electrical profession is the Institution of 
Electrical Engineers, and every young 
electrical engineer should aim at attaining 
either full or associate membership. 

'T^here are other bodies of a similar type 
^ having a more sectional or special- 
ized interest, membership of which can be 
extremely valuable. It should be remarked 
that corporate membership, i,e, full or 
associate membership, of the Institution 
of Electrical Engineers demands, in com- 
mon with a number of other professional 
engineering societies, that the candidate 
shall have held a post of responsibility in 
the industry for a stated time, in addition 
to having been trained both technically 
and practically. The candidate must 
also pass an examination of a high stan- 
dard, if he has not already passed one of 
the exempting examinations, a list of which 
can be obtained from the Institution. 

A University degree in Engineering 
is also of great value, and carries 
considerable weight in many directions. 
To obtain this qualification, the candidate 
must study for at least three years in a 
University or College recognized for the 
purpose. The standard of entry for such 
a course is that of matriculation. In the 
sole case of London University a B.Sc. 
(Engineering) degree can be obtained by 
what is called an external student as well 
as internally, i.e. by a student not attached 
to one of the recognized internal colleges. 
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Essential Qualifications 

T he technical qualifications discussed 
above are of great value when 
seeking a post in competition with others. 
In fact, possession of certain of these is 
specified in many advertisements. This 
is particular!}^ the case in connexion with 
government and municipal posts, whilst 
many of the larger of the industrial 
manufacturing firms will not take on 
student-apprentices unless they are in 
possession of some kind of approved 
diploma. These paper qualifications are 
particularly important to the young 
engineer, as they form his principal claim 
to proficiency in his profession. To 
engineers who are a little older and who 
ha\T progressed somewhat along the road 
to success, the question of experience 
gained is of more vital importance. The 
question is now what has a man done, 
rather than what can he do, and the 
record of work actually accomplished 
wall be the prime factor on which he is 
judged. 

The Choice of a 
Specialized Career 

T here are many branches of electrical 
engineering, and the embryo engineer 
must make some kind of choice quite early 
in his career. It is not advisable, how^- 
ever, to begin to specialize at too early a 
date. This should certainly not be done 
prior to the completion of the college 
part of the education. In fact, in the 
normal course of things, all engineering 
students study the same syllabus in their 
first year, whether stud}'ing for the civil, 
mechanical, or electrical branches of 
their profession. In their second year they 
begin to devote more time to their ow'n 
part of the subject, whilst in the third 
year the bulk of their time is spent in 
this direction. This is not what is meant 
by speciahzing in the sense that it is here 
used. After he leaves college, the student- 
apprentice enters a works of some kind, 
doing work of a general character. 

The specialization only comes later. He 
must ultimately choose whether he wishes 
to enter the design, manufacturing, sales, 
etc., side of the company, or whether he 
wishes to employ himself on the public 
supply, contracting, or utilization side. 

Then, again, there is a rougli and ready 
division belween what is called heavy " 


and “ light ** electrical engineering, or, 
alternatively, into power and communi- 
cation engineering, including in the latter 
term all commercial telegraphy and 
telephony, wireless (both commercial and 
broadcast;, electrical music and public 
address systems, not excluding talking 
films and television. It is in the last large 
group that the greatest changes have 
taken place in the past ten years or so. 
Obviously the technique for such branches 
of the profession is very different from 
that which needs to be acquired for, say, 
the manufacture of giant turbo-alternators 
or the construction of long-distance 
transmission lines. 

Limitations of the 
Purely “ Practical ” Man 

T he above remarks refer principally 
to the fully qualified and technically 
trained engineer, but there is a large class 
who do not aim at such a broad technical 
knowledge, relying chiefly on the practical 
aspect of tlieir craft. It is a prime mistake, 
however, in these complex and competitive 
days, to neglect entirely the theoretical 
and technical side of tlie subject. It is not 
in this way that promotion lies. To gain 
advancement, one must have opportunity 
and the capacity to profit by that oppor- 
tunity when it occurs, and the young 
engineer or artisan must be prepared to 
meet new conditions as they arise. There 
are many men who can do a job that they 
have done before. The man who is 
going to get on is the one who can do a 
job that he has not done before, and 
make a success of it. Routine work carries 
routine pay, and to get more than this 
requires something more than the capacity 
for repetition. 

A gain, it must be remembered that 
engineering work has to be 
carried out on an economic basis, and 
that needless expenditure is a sign of in- 
efficiency. Indeed, one terse American 
definition of an engineer is that he is a 
man who can do for one dollar what any 
fool can do for two. 

It is thus seen that to have the capacity 
for success, an engineer must have a love 
and aptitude for his work, he must be 
properly trained and experienced, and 
finally he must have the opportunity and 
the ability to profit by it when it occurs. 
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S ALIENT POLE GENERATOR. Or pro- 

jecting pole generators, as opposed 
to those in which the rotor has a 
cylindrical core with the winding embedded 
in slots. The salient poles consist of sepa- 
rate radial projections each with its own 
pole piece and field coil. Such a con- 
struction is sometimes adopted in four-pole 
alternators (cf.v.), and is commonly used 
in D.C. generators (q.v.). The high speeds 
attained in modern turbo-alternators in- 
volving exxessive mechanical stress due to 
centrifugal force prohibit their use and led 
to (he adoption of the rotor construction 
previously mentioned. 

SATURATION. Word used in a number 
of connexions in electrical and scientific 
work. In dealing with primary cells, for 
example, as the Daniell cell or the Lc- 
clanche cell, some such expression as a 
saturated solution of copj)er sulphate or a 
saturated solution of ammonium chloride 
is used. A solution is said to be saturated, 
or to have reached its saturation point, 
when the liquid solvent contains as much 
of the substance as it is possible to dissolve 
in it. 

In the case of an ordinary three-electrode 
valve, or a gaseous discharge tube, the 
number of electrons emitted from the 
filament depends upon its temperature, 
and increases as the temperature is raised. 
There comes a time, however, when the 
plate will be taking the maximum 
amount of electrons it can from the fila- 
ment, and by suitably arranging the 
positive potential of the plate with refer- 
ence to the filament it is taking all the 
electrons emitted by the filament and 
passing through the electric field surround- 
ing it. This is called the saturation point. 

The chief application of the term, 
however, is to that magnetic condition 
of a body of iron when it is no longer 
possible to increase the intensity of 


magnetization by increase in the magnet- 
izing force. This occurs when the B-H 
curve (q.v.) attains its peak and flattens 
out into a practically horizontal line. 
See also Hysteresis ; Iron. 

SATURATION CURRENT. Of a ther 
mionic valve. The more or less clearly 
defined maximum value which can be 
reached by the feed current of a valve for 
a given condition of filament temperature 
under non-oscillating conditions. Applied 
also to that value of current in a gaseous 
discharge tube at which a change in the 
applied voltage causes no change in the 
current. See Saturation ; Valve. 

SCARFED JOINT. One of the many 
forms which can be applied to jointing 
cables and connexions, described under the 
heading Joints and Jointing. The merit 
of the scarfed joint is that the ultimate 
diameter of the cable or conductor is not 
increased, and the two ends to be joined 
are bevelled away to allow greater surface 
contact at the joint. An illustration of 
this joint appears in page 707. 

SCHERBIUS MACHINE. The power 
factor of a synchronous motor (q.v.) can be 
varied by adjusting the excitation, whereas 
that of an induction motor depends only 
on the design and cannot be varied. The 
Scherbins machine allows of extending the 
above advantage, and incidentally others, 
to the induction motor without interfering 
with its asynchronous running. 

The induction motor (q.v.) is a form of 
transformer in which the stator induces an 
E.M.F. in the rotor, the value and fre- 
quency of which increase with the load. 
The current in the rotor depends on the 
value of the induced E.M.F. , and on the 
constants of the rotor circuit. As this is 
always reactive, the current lags on the 
voltage ; the primary or stator current 
thus lags also. 
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SCHERBIUS MACHINE. Fig. 1. Simple applica- 
tion of Scherbius machine to an induction motor. 
(1) Induction motor ; (2) bus-bars ; (3) frequency 

changer ; (4) and (5) induction regulators ; (6) 

field winding ; (7) Scherbius machine ; (8) driving 

motor : (9) compensating winding. 

It is possible, however, to use the rotor 
as primary and induce an E.M.F. in the 
stator. It is upon this principle that all 
Scherbius machines work. 

Consider the arrangement shown in Fig. 
I. On the shaft of the induction motor i 
is a frequency converter 3 {q.v.), fed from 
2 by two induction regulators {q.v,) in 
series, 4 and 5. As this rotates at a speed 
proportional to (/—s), where / is the supply 
frequency and s the slip frequency, it 
generates a voltage of frequency s, the 
value and phase of which can be adjusted 
by 4 and 5. It supplies the exciter winding 
6 of the Scherbius machine 7. This has a 
field winding and a D.C. armature and 
commutator. It is driven by an auxiliary 
motor 8. As its field current varies with 
slip frequency it generates an E.M.F. of 
the same frequency and of magnitude and 
phase determined by the setting of 4 and 5. 
This E.M.F. is introduced or “ injected 
into the rotor circuit of i by connecting 
its slip-rings to the commutator of 7. The 
compensating winding 9, on 7, neutralizes 
the armature reaction. 

If the injected E.M.F. leads on the 
normal slip E.M.F., the component of 
current due to the injected E.M.F. leads 
on the normal rotor current, and induces a 
corresponding leading current component 
in the stator. The stator power factor will 
thus more nearly approach unity and even 
lead on the voltage, the machine supplying 
wattless current to the supply network. 

It is also possible by suitable arrange- 
ments to render the load of the induction 
machine independent of its slip, or make 
it vary in any desired manner as a function 



Fig. 2. Principle of shunt 
phase-advancer. (1) Phase 
advancer ; (2) induction motor ; 
(3) shunt winding ; (4) com- 
pensating winding. 


of the slip. This is done in the case of syn- 
chronous-asynchronous motor generator 
sets {q.v.), used for system coupling, when 
it is desired to render the power transferred 
from one system to the other independent 
of frequency changes in either. 

Where the only object is the improve- 
ment of the power factor of an induction 
motor (phase advancing, q.v.) the arrange- 
ment may be simplified by driving the 
exciter (i, Fig. 2) from the motor shaft 
and exciting it 
directly from the 
main motor (2) 
slip-rings. As the 
rotor voltage and 
frequency of i 
increase always 
in the same pro- 
portion and the 
reactance of the 
field winding 3 of 
the exciter i increases prof)ortionately to 
the applied frequency {see Reactance), the 
current in 3 remains substantially con- 
stant. The injected E.M.F. is therefore 
also nearly constant, so that the power 
factor of the motor is high even on very 
light loads (this advantage is not shared, 
for instance, by the Leblanc phase 
advancer). A compensating winding 4 is 
used to neutralize the armature reaction. 

SCHERING BRIDGE. Employed in 
the measurement of dielectric losses and 
power factor of 
cables, insulators, 
etc., at high volt- 
ages. The circuit 
for power factor 
measurement, as 
illu.strated on left, 
is also suitable 
for measuring di- 
electric loss. The 
underlying prin- 
ciple is that of the 
classical Wheatstone Bridge {q.v.), with 
modifications to yield the phase angle, 
and to adapt the bridge for use at high 
voltages. The low voltage standard con- 
denser C, is in parallel with the di- 
electric C, and one of the resistance arms 
is shunted by means of a variable conden- 
ser Cp to obtain phase adjustment. When 
balance is obtained with zero deflection 
in the galvanometer C, = C, X a constant 



SCHERING BRIDGE. Con- 
nexions for power factor and 
dielectric loss measurements. 


1058 





SCHRAGE MOTOR 


depending on the resistance ratio arms 
and the variable condenser Cp. See Bridge ; 
Carey Foster Bridge. 

SCHRAGE MOTOR. A polyphase A.C. 
commutator motor in which speed and 
power factor control are provided by 
means of movable brushes. 

The rotor of the motor resembles the 
rotor of a rotary converter. Three (or 



SCHRAGE MOTOR. Fig. 1. A variable speed com- 
mutator alternating current motor. 

The British Thomson-llnuston Co , Ltd 

other) phasje A.C. is supplied to slip-rings 
on the rotor spindle and is collected from 
a commutator also mounted on the rotor 
spindle. Two rotor windings are usually 
provided. One, connected to the slip-ring, 
is called the primary, that connected to 
the commutator, the regulating winding. 

Each pair of brushes is connected across 
one of the phase windings of the stator. 
The distance apart of each pair can be 
varied. If they are close to each other the 
voltage applied by them is small and can 


speed without slip when it is direct, just as 
it is at the brushes of a rotary converter. 
At synchronous speed the frequency is pro- 
portional to the slip. The voltage applied 
to the stator windings will assist that in- 
duced by the rotor windings if the brushes 
are separated in one direction and oppose 
it if they are separated in the other, causing 
a gain of speed in one case and a loss in the 
other. This gives control of speed without 
power waste. 

Variation of the brush positions also 
enables the power factor of the current 
taken from the mains to be controlled. The 
motor can be run at leading power factor if 
required for phase correction, and at speeds 
either greater or less than synchronism. 

Fig. 4 shows that the machine is prima- 
rily an inverted induction motor, i.e. the 
primary winding is on the rotor and the 
secondary on the stator. The regulating 
winding is provided, and is connected to 
the commutator, in a similar manner to 
that used in D.C. machines, and for con- 
venience is wound in the same rotor slots 
as the primary windings, the voltage in it 
being obtained inductively from the prim- 
ary windings. The frequency of the 
voltage induced in the regulating winding 
is the supply frequenc 3 ^ but it becomes 
slip frequency at the brushes where it is 
the same frequency as the E.M.F. of 
rotation in the secondary winding. The 
voltage on the commutator is therefore 
kept low whilst still permitting the 
primary winding to be supplied direct from 
a relatively high line voltage. 


be reduced to zero by putting them 
on the same commutator segments. 
This is really equivalent to short- 
circuiting the stator windings. Un- 
der these conditions the machine 
runs like an ordinary induction 
motor with short-circuited rotor 
windings except that the windings 
corresponding to the rotor of the 
induction motor are stationary and 
those corresponding to the stator 
are moving. 

Speed Control. If the brushes are 
separated a voltage difference 
appears according to the number of 
commutator segments that they 
span. Generally this voltage is 
alternating unless the rotor is 
running at exactly synchronous 



Fig. 2. The commutator and brush-gear of a Schrage motor, 
showing rack-clamping bolts and position pointers. 

The British Thomson- Houston Co.. Ltd. 
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SCHRAGE MOTOR. Fig. 3. The commutator brush* 
separate yoke, as used with large motors Differential 
are seen on the right. 

The linttsh Thnrnunn-Houiton Co, JJd 

On the actual motor (Fig. 2) the brush- 
gear is arranged on two separate sets of 
rockers connected together by means of 
pinions and racks (Fig. 3), the starts of 
all secondary phases being connected to 
the brushes on one rocker and the ends to 
the other rocker. Speed control is ob- 
tained by brush rocking tlirough the rack 
and pinion gear, either manually or auto- 
matically. The speed range is limited by the 
power factor, and is usually ol the order 


secondary winding 



of 3/1. Whilst the speed regula- 
tion is good, the total drop in voltage 
between no load and full load is 
only 5-10 per cent, for any speed 
within the range. 

Control of Power Factor. The 
power factor is nearly unity at super- 
synchronous speeds, but falls off at 
sub-synchronous speeds. It can be 
improved by shifting the axes of 
the brushes, this having the added 
advantage of increasing both the 
starting and maximum torque. High 
values for the former are po.ssible, so 
that the starting conditions are good. 
The input to the motor being practi- 
cally proportional to the output at 
all .sjieeds, the efficiency is high 
o\'cr the complete speed range. 

The limiting feature of this motor 
is the voltage between commutator 
segments, which, being short-cir- 
cuited by the brushes, must be kept 
low. It is proportional amongst 
other things to the supply fre- 
(juency, so that larger-sized 
machines arc possible on the lower 
supply frecjuencies. Motors of 150 b.h.p. 
on 50 cycles and 600 b.h.p. on 25 cycles 
are in commission. 

Their cost is comparatively high, but 
in cases where speed control is required 
the le.ssened cost of operating compared 
with other motors, i.e. resistance-controlled 
induction motors, somewhat discounts 
this high initial cost. It is utilized, there- 
fore, for driving j)apcr-making machiiierv, 
newspaper ])rintmg and calico printing 

»t.UONOARy WINDING 


gear in 
pinions 


Cf fs 

Fig. 4. Normal arrangement of the windings of the Schrage motor. Fig. 5 (right). 
Shows how resistances R « Rs are inserted m secondary windings to obtain 

creeping speeds. . 

The BrtUeli TUomaon-H ouiilon to . Ltd 
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machines, machine tools, lifts, hydraulic 
pumps, etc. See Repulsion Motor. 

SCOTT CONNEXION. A method ot 
interconnecting two transformers to enable 
them to provide 3-phase from 2-phase 
supply or vice versa. A comparison with 
the Steinmetz connexion is illustrated 
under that lieading. One terminal of one 
transformer on the 3-phasc side is con- 
nected to the mid-point of the winding of 
the second transformer. The main ter- 
minals of the latter serve as two of the 
3-phase line terminals and the remaining 
terminal of the first transformer is tlie 
third of these line terminals. On the 
2-phase side, the transformer windings are 
usually kept separate, though they may 
be connected at one point if so desired. 
To obtain equal voltages in the two 
»«-phasc windings with equal number of 
turns, the ratio of the 3-phase windings of 
the first and second transformers must be 
as J3 : 2. The greater ratio of the secon- 
dary volts to primary volts in the first 
transformer makes the two secondary 
voltages equal. 

All important application of this method 
of connexion is in single-phase electric fur- 
nace supply. The balancing of the load with 
two similar furnaces is facilitated, three 
being required with normal transformation. 
See Phase Transformer ; Transformer. 


SCRATCH FILTER. A low-pass filter 
with a cut-off frequency of about 4,000 
cycles per second used in conjunction with 
a pick-up in electrical reproduction from 
gramophone records, the purpose being 
to eliminate ^ ^ 

o— 

Ptek-up 


the noise 
made by the 
needle scratch. 
A simple 
filter circuit 
is shown. 


Volume control 
Potentfometer 


SCRATCH FILTER. Simple circuit 
for elimination of needle scratch 
in electrical reproduction. 


Although the system is quite effective 
in reducing scratch noise to a negligible 
level, it has one outstanding disadvantage 
in that it impairs the quality of the repro- 
duction. For not only does it cut out the 
scratch noise, but also all frequencies 
above the cut-off value in the recording. 
The elimination of the highest notes and 
the overtones of violins, etc., naturally 
results in a somewhat muffled reproduc- 
tion, the characteristic timbre of musical 
instruments being lost. 


Modern records are remarkably free 
from scratch noise, and with them a 
scratch filter is not justified. It is, how- 
ever, an advantage to have a scratch 
filter for use with older records and those 
becoming somewhat worn, with a switch 
to cut it out when new records are played. 

SCREENED CABLE. To protect the 
conductors from the inductive effects of 
neighbouring cores, and to even out the 
electrical stress in the dielectric, thereby 
minimising risk of breakdown, cables are 
often provided with a screen of copper 
tape wound over the insulation, covering 
each conductor. An illustration of a 
screened cable appears in Fig 9, page 174. 
See Cable. 

SCREENING. The. restriction of electric 
or magnetic effects to specific areas ot 
influence, by interposing electric or mag- 
netic conductors between the part of any 
circuit in which these effects are occurring 
and the section they must not be allowed 
to affect. Two forms of screening exist — 
magnetic and electric. The former is 
effected by the interposition of iron 
between the two portions of the circuit 
where magnetic effects arc to be restricted 
(see Shielding) ; whilst electric screening 
is carried out by using a good conductor 
such as copper sheet. If it is required to 
exclude botli electric and magnetic effects 
from any particular circuit, both iron and 
copper should be used, otherwise complete 
screening is not effected. It is also advis- 
able to earth the screens. 

Another form of screening occurs in 
radio communication. Some high hills, 
land and even clouds often lie in the path 
of the waves, and are of such a character 
that they screen the receiver from the 
transmitter (see Blind Spots). It is not 
e.sscntial in these cases for the objects 
acting as screens to be themselves con- 
ductors of either electricity or magnetism 
to any practical degree. The angle of 
incidence of the waves often decides 
whether or no there will be screening, 
although when clouds act in this way they 
are electrically charged. 

SCREWED CONDUIT. Metal tubing 
used for carrying electric cables and made 
up into lengths that are pipe screw 
threaded. Joints between sections are 
made by fitting the lengths of screwed 
conduit or tubing into threaded jointing 
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pieces. This form of conduit is so named 
to differentiate it from slip conduit. By 
its means there is ensured a nearly 
perfect continuity to earth throughout the 
system. Standard conduit sizes are i in., 
J in,, and i in., etc., for power cables. See 
Conduit and Conduit Fittings ; Wiring. 

SCREW THREADS. Bolts and nuts 
formed with V-shaped screw threads are 
extensively used in all branches of 
engineering. Screw threads of square, 
buttress and other shapes are also em- 
ployed for special purposes. 

The engineer's chief interest in this 
matter lies generally in the question of the 
fit between the threads 
of a bolt and its nut. 

If the nut is slack on 
the thread the strength 
of the connexion is 
greatly reduced and 
there is considerable 
risk, if too much force 
is used, that either one 
thread or the other will 
be stripped. If, on the 
other hand, the nut is 
tight, it is very difficult 
both to tighten up and 
to remove it, while if too 
much force is used the metal surfaces may 
seize, in which case it is generally impos- 
sible to effect removal of the nut without 
ruining the thread. Should a nut appear 
to be excessively tight, the threads should 
be inspected first to see if they are damaged, 
and if this is the case it is best to run a 
plug tap through the nut and to run the 
die lightly along the threads of the bolt 
until the nut can be turned with the 
fingers. Should 
suitable dies not be 
available the sharp 
edges of a triangular 
or similar file may 
be used to remove 
burrs or projections. 

Special attention is 
called for at the end 
of the bolt. Rusted 
nuts and bolts should 
b e i m me r se d i n 
paraffin and retapped 
in the same way. For 
all purposes where maximum strength and 
grip are called for, the V-type screw is used. 


Owing to the friction between the threads, 
the liability of the nut slackening back 
when subjected to vibration is much less 
than it is with square threads. The latter 
are also much weaker and are generally 
only used as a means of transmitting 
power without excessive friction, as, for 
example, on the leading screw and the cross 
and top slides of a lathe. 

The dimensions of V-type screw threads 
as regards pitch and the angle of the V were 
first standardized about ninety years ago 
by Sir Joseph Whitworth, a pioneer of the 
engineering industry, and the standard 
Whitworth threads are extensively used 
in this country in all 
branches of engineering. 
For the requirements of 
motor car and aero- 
nautical work it has 
been found necessary to 
use finer threads, known 
as the British Standard 
Fine (B.S.F.),which give 
greater grip and reduce 
the tendency to slacken 
back when subjected to 
vibration, while at the 
same time they do not 
cut so deeply into the 
bolt, and thus reduce the strength less. 

Apart from the pitch of the threads, the 
British Standard Fine is identical with the 
Whitworth thread, the angle between the 
two sides of the V being 55 degrees. The 
pitch in every case depends upon the 
diameter of the bolt, and is smaller with 
bolts of small diameter. 

A comparison betw'ecn the two is given 
in tabular form below : 


Bnti&l) Standard Whitworth | 

Standard 

Fine 

Diameter 

No. of 

Diameter 

Diameter 

No. of 

Diameter 

Diameter 

of bolt 

threads 

at bottom 

of tap 

threadb 

at bottom 

of tap 

in inches 

per 111. 

of thread 

drill 

per in. 

of thread 

drill 



in. 

in. 


in. 

in. 

1/4 

20 

•i860 

3/16 

26 

•2007 

13/64 

5/16 

18 

•2414 

>/4 

22 

•2543 

17/64 

3 /« 

16 

•2950 

19/64 

20 

•3110 

5/16 

7/i6 

14 

.3460 

23/64 

18 

•3664 

3/8 

1/2 

12 

•3933 

i 3 /j 2 

iC 

•4200 

27/64 

9 /j 6 

12 

•455H 

15/32 

16 

•4825 

31/64 

5/8 

II 

•5086 

33/64 

14 

■5335 

35/64 

11/16 

XZ 

•5711 

37/64 

14 

•5960 

39/64 

3/4 

xo 

•6219 

5/8 

12 

•6433 

21/32 

13/1C 

10 

•684 1 

XI/16 

12 

7058 

23/32 

7/8 

9 

•7327 

47/64 

II 

•7586 

49/64 

1 

8 

•8399 

27/32 

10 

•8719 

7/8 


One-sixth of the full depth of the thread 
is rounded off both at the top and the 



CO £ 


SCREW THREAD. A, actuol shape of screw 
thread on bolt ; B, C, D and E, conventional 
methods of indicating external and internal 
threads on engineers’ drawings. 
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bottom to facilitate the cutting of the 
threads and to avoid a sharp, easily 
damaged edge. 

Where threads are cut by the use of 
stocks and dies or taps, they will obviously 
be of the correct shape, but when the 
thread is cut in a lathe care must be taken 
to use a V-tool of the correct vertical 
angle and properly rounded at the end. 

The diameter of a screw thread always 
means the outside diameter, and the hole 
drilled or bored in a nut or other part 
before tapping or screw cutting must 
therefore be of smaller diameter. 

Where quick lengthwise motion of a 
nut is called for, double or even triple 
screw threads may be cut in the lathe. 
In the case of a double-screw thread, two 
separate helices or threads are cut, and 
the distance moved lengthwise of the nut 
for one rotation of the screw equals twice 
the distance between adjacent threads. 

As mentioned previously, the B.S.F. 
thread is largely used in this country for 
general motor car work, but for small 
sizes, as used on instruments, an even finer 
standard is adopted, known as the British 
Association (B.A.). The B.A. thread is in 
practical use as a continuation of the 
B.S.F. thread for smaller sizes, being the 
standard screw gauge in this country as 
recognized by the Post Office Engineering 
Department, and approved by the British 
Standards Institution. 

The British Stan- 
dard Pipe thread 
(B.S.P.) is of the 
standard Whitwwth 
V-form, but is of much 
smaller pitch than 
either the Whitworth 
or the B.S.F. stan- 
dards for any given 
diameter. It is very 
widely used for con- 
duits, pipes and tubes 
to avoid cutting too 
deeply into the thin 
material and also to 
give a powerful screw- 
ing-up effect with very 
little liability to 
slacken back. 

Gauge diameters 
and number of threads 
are given in the table. 


British Standard Pipe Threads 


Nominal 
bore of 
tube 

Approximate 
outside 
diameter of 
black tube 

Gauge dia- 
meter top of 
thread 

Number of 
threads 
per inch 

Ins. 

Ins. 

Ins. 



U 

•383 

a8 

i 

n 

•518 

*9 

1 

w 

■656 

19 

t 


•825 

14 

1 


•902 

14 

f 


1-041 

14 

i 

iS 

1-189 

14 

I 

iH 

I 309 

11 

ij 


i-6so 

II 


iH 

1-883 

11 

li 


2 116 

II 

2 

2| 

2 347 

11 


Reference may also be made to a few 
different foreign standards. In America 
the Sellers thread takes the place of the 
Whitworth ; the standard pitches adopted 
for the different diameters are similar, 
but the thread is flat at the top and the 
bottom instead of being rounded. 

Whitworth’s Standard Threads for Pipes 


Nominal 

bore 

Diam. 

Dianr at 
bottom of 

Threads 

of pipe 

of pipe 

thread 

per inch 

i 

•382 

.336 

28 

i 

*518 

*451 

19 

1 

•656 

'589 

19 


-826 

•734 

14 


'902 

-81 1 

14 

j 

1-04 

•949 

14 

1 

1-189 

1097 

14 

I 

1-309 

1-192 1 

11 


1-492 

1-375 

II 

li 

1-65 

1-533 

IX 


I 745 

1-628 

XI 


I 882 

1-765 

XX 

ij 

2-022 

1-965 

11 

If 

2-i6 

2 042 

XX 


2-245 

2-128 

11 

2 

2-347 

2-23 

11 


British .Association (B.A ) Screw Threads 


No. 

Absolute dimensions in 
millimecrcs 

Approxi- 

mate 

number of 
threads 
per inch 

Appro.\. dimensions in 
inches 

Full 

diameter 

Pitch 

Full 

diameter 

Pilch 

25 

0-25 

0-070 

3628 

o-oio 

0-0028 

24 

c-29 

o-o8o 

317-5 

O-OI X 

0-0031 

23 

0-33 

0-09 

282 2 

0-013 

0-0035 

22 

0-37 

o-io 

254 

o-ois 

0-0039 

21 

0-42 

oil 

230 9 

0017 

00043 

20 

0-48 

0-12 

2II 6 

0 019 

0-0047 

19 

0-54 

0-14 

181 4 

0-021 

0-0055 

18 

0-62 

0-15 

169 3 

0-024 

0-0059 

17 

0-70 

0-17 

149 4 

0-028 

0-0067 

16 

0-79 

0-19 

131 7 

0-031 

0-0075 

•15 

0-90 

0-21 

121 0 

0-035 

0-0083 

14 

i-o 

0 23 

1104 

0039 

0-0091 

*13 

1-2 

0-25 

loi 6 

0-047 

0 009R 

12 

1-3 

028 

90 7 

0-051 

O-OIIO 


1-5 

0-31 

81 

0-059 

0-012 2 

ro 

x -7 


72-6 

0-067 

00138 

•9 

1-9 

0-39 

651 

0-075 

0-0154 

8 

2-2 

0-43 

59-1 

0 087 

0'0x69 

7 

2-5 

0*48 

52-9 

0-098 

0-0189 

6 

2-8 

0-53 

47-9 

o-iio 

0*0209 

•5 

3 -a 

0-59 

43-0 

0-126 

0-0232 

4 

3-6 

0-66 

38-5 

0-142 

0-0260 

*3 

4 -* 

0-73 

348 

0-161 

0-0287 

2 

4-7 

o-8x 

31-4 

0185 

0-03x9 

•i 

5-3 

0-90 

28-2 

0-209 

0-0354 

0 

6-0 

i-oo 

25-4 

! 0 236 

0*0394 


• The British Standards Institution recomixiended that for general use these 
sites be dispensed with 
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SEALING BOX. 
Fir. 1 (left). Porce- 
lain shank insula- 
tors are threaded 
over conductors 
which are then 
clamped in their 
respective terminals 

Fir 2. Presspahn 
diaphragms are 
i — - - - — placed in side entries 

and cover of box replaced. The box is then filled with 
hot compound. 

ir, T Henley's Telrgntph Co , Ltd 

Various metric standards arc used in 
different European countries, diameters and 
pitch being both expressed in metric units. 

Particulars regarding diameters, pitch 
and other characteristics of the various 
Britisli and foreign screw threads will be 
found in engineering handbooks, ])ut a 
selection of tliosc commonly employed in 
electrical engineering work is gi^x•n in the 
tables above. See also B.A. Screw Threads ; 
Whitworth Thread. 

SEALING BOX OR SEALING CHAM- 
BER. A compound-filled cable box in 
which the end of a paper-insulated cable 
may be jointed to V.I.K. leads and licr- 
nictically .sealed. The twin or concentric 
cable cores are bared, tinned, and con- 
nected to respective fuse terminals through 
porcelain shank in.sulators. Presspahn dia- 
phragms are placed at the side entries and 
the cover of the sealing chamber affixed. 
Compound is then poured in as shown at 
Fig. 2, and a well-.sealed fitting results. The 
V.l.R. leads are connected to the other fu.se 
terminals and fuse covers replaced. See 
Cable Box ; Joints and Jointing, etc. 

SEARCH COIL. Name given to the 
rotating coil which moves between the 
fixed coils of a goniometer (c/.v.). Also 
the moving coil of a ballistic galvanometer 
or other instrument to which an indicating 


device is joined, to show relative 
or absolute changes of flux in a 
circuit to which the instrument is 
connected. See Ballistic Method ; 
Instruments. 

SECONDARY CELL. A form 
j of cell which has to be charged 
i before electro-motive force is avail- 
able at its terminals. There are 
only two types of secondary cell 
wliich have borne the tests of 
both time and practice. One is 
the lead-acid and the other is the 
alkaline ; of which there are two 
forms- -the Edison cell (q.v.) and 
■ the Jungner. The Edison cell has nickel 
positives and iron negatives, wliilst the 
Jungner has nickel positives with mi.xed 
iron-cadmium negatives. The Drumm 
battery (q.v.) is a modification of the alka- 
line cell. Sec Accumulator ; Battery ; 
Charging and Charging Systems. 

SECONDARY WINDING. The winding 
of a transformer which carries the trans- 
formed electrical energy, t.e. the winding 
not ('onnected to the source of sujjjdy. 
Sec Circuit ; Induction Coil , Primary 
Winding ; Transformer. 

SECTION BOX. Alternative name for 
Distributing Box (q.v.). 

SECTION SWITCH. Enabling circuits 
or conductors to be split up into sections. 
Sucli a switch is usually incorporated on a 
bus-bar lay-out to enable faulty .sections to 
be isolated for repair or inspection without 
interfering with the remaining .sections. 
Similarly, the generating j)lant can be 
connected to different feeclers or groups of 
feeders in the event of breakdown on one 
panel. Sec Bus-bars ; Switchgear. 

SEGMENT : COMMUTATOR. SVe 

Commutator ; Dead Segment. 

SELECTIVITY. In a radio receiver, 
selectivity implies the degree of freedom 
from interference by transmissions on 
wavelengtiis not far removed from tliat 
of the desired station, and wdierc the 
unwanted stations have a signal strength 
at the receiving aerial comparable with 
or even greater than that of the desired 
transmi.ssion. 

The true overall selectivity of a receiver 
can be defined as the ratio of the voltage 
produced at the grid of the detector at the 
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resonant frequency of the tuned circuits 
to that produced by another signal of 
equal strength and differing from reson- 
ance by a specified number of kilocycles 
per second, say 9 or lo kc. per sec. There 
is, however, a more scientific method of 
expressing selectivity, this being con- 
sidered below. 


In the first instance, the overall 
selectivity of a receiver is proportional to 
the product of the selectivities of the 
individual tuned circuits, and therefore, in 
general, the greater the number of tuned 
circuits the greater is the degree of 
selectivity attainable. But it must be 
realized that selectivity does not infer 
freedom from '' jamming," that is, inter- 
ference by stations operating within the 
range of side-band frequencies of the 
desired station, but only the elimination 
of stations operating outside this range 
{sec vSide Bands). 

.-^s the overall selectivity depends on the 
individual tuned circuits, the selective 
properties of a 
simple tuned or 
resonant circuit 
will be con- 
sidered firsi. 

Such a circuit 

consists of an selectivity. Fig. 1 . Simple 
inductance coil tuned circuit. At the resonant 
T K,. frequency the voltage developed 

SllUllieCl 1)3^ across the circuit IS greatest The 


o 




i. 


a condenser C, 
as in lug. i. 


magnification m is 


2it /L 


If a constant R.M.S. value of voltage of 
varying fre(|ucncy is introduced into the 
closed circuit, either directly or by 
electro-magnetic induction, the resulting 
oscillating current will have a value always 
equal to the ratio of the voltage to the 
impedance of the circuit. Now as far as 
the o.scillating current is concerned the 
closed circuit is a series one, and the total 
impedance is therefore given b}^ the well- 
known formula : 


where R ohms is the effective resistance of 
the circuit, 

L henries is the inductance of the coil, 

C farads is the capacity of the condenser, and 
/ IS the frequency 

Since the inductive reactance 27r/L is 
proportional, and the (negative) conden- 
.sive reactance i/27r/C is inversely propor- 
tional, to the frequency, it follows that 



Fig. 2. General form of resonance curve for the 
simple tuned circuit of Fig. 1. 

there must be one frequency for which 
these two neutralize each other completely, 
giving minimum impedance and maximum 
current. This is the resonant frequency, 

being -r—^ cycles per second. 

2 T V LC 

Resonance Curve. For frequencies 
above and below the resonant value the 
current falls off, and the response curve 
showing the relationship between fre- 
quency and current (or voltage developed 
across the coil as a result of the current) is 
of the form shown in Fig. 2, where the 
values are shown as percentages of the 
maximum for convenience. It can be 
shown that the ratio of the voltage 
developed across the circuit to tliat intro- 
duced into it at the resonant frequency is 

^ - 4 - ^ or this being the voltage 

K K L/ 

magnification m given by the tuned 
circuit. This magnification is a direct 
measure of the selectivity of the circuit, 
and it follows from this, as well as from 
observation, that the sharper the resonance 
peak the greater is the selectivity. 

Reaction and Selectivity. The height of 
the resonance peak, and therefore the 
selectivity also, is inversely i)rof)ortional 
to the effective H.F. resistance of the 
tuned circuit, and so efficient coils are a 
first essential. Reaction has the same 
effect as reducing the resistance of the 
tuned circuit {sec Reaction), and by judi- 
cious use of reaction the selectivity can be 
greatly increased. By increasing the 
reaction and low^ering the volume control, 
the selectivity can be increased without 
increasing the average volume, but, for 
reasons to be explained, this impairs the 
quality of reproduction. 

Selectivity and Quality. Unfortunately 
quality of reproduction with ordinary 
tuned circuits is intimately associated with 
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Ccrrter 



dg/oiv aSove 

He. OfP Resonance 

(a) 



(b> 


SELECTIVITY. Fig. 3. (a) Showing how a sharply tuned circuit 
attenuates the higher modulating frequencies. (b) Resonance 
curve of a good band-pass filter. 


the selectivity, an increase of selectivity 
inevitably resulting in attenuation of the 
higher note frcciuencies. The reason for 
this is due to the shape of the resonance 
curve in conjunction with tlie fact that a 
modulated wave is really equivalent to a 
number of unmodulated waves with fre- 
quencies falling within a band of values 
extending on either side of the carrier 
frequency (g.v.) by a number of cycles per 
second equal to the highest note frequency 
in the modulation (see Side Bands). 

The relative effects for a highly selective 
and a flatly tuned circuit are clearly 
shown in Fig. 3 (a) where the side bands 
are indicated by the shaded areas, the 
highest note-frequency pre.sent being 5 kc. 
per second. The full-line resonance curve 
is for the relatively flatly tuned circuit, and 
it will be noted that at 5,000 cycles per 
second off resonance the response is 80 
per cent, of the maximum, there being a 20 
per cent, reduction ot the cycle note 
compared with those of the lowest fre- 
quencies. On the other hand, the sharply 
tuned circuit represented by the broken 
line curve gives only 20 per cent, response 
at 5 kc. off tunc giving an 80 per cent, 
drop in strength of the 5,000 cycle note. 
In the former case the reduction is 1-9 
decibels, and in the latter 14 decibels. 

Band-Pass Tuning. In order that all 
modulation frequencies should be passed 
on at the same relative strength, the ideal 
resonance curve would have to be flat- 
topped with perpendicular sides. Band- 
pass filters for tuning purposes are aids to 
this end. By suitable design the overall 
resonance curve can be made reasonably 
flat on the top and yet have sufficiently 
steep sides to ensure the necessary 
selectivity. The type of resonance curve 


for a band-pass filter is shown at 
(b) in Fig. 3. 

The principle of tone correction 
is frequently applied to compen- 
sate for the attenuation of the 
highest frequencies due to ordinary 
tuned circuits, but, although effec- 
tive to some degree, it has the 
effect of reducing the apparent 
selectivity to some extent, and 
has the further disadvantage of 
lowering the general volume level. 
See Band-Pass Filter; Reaction; 
Tone Control and Correction. 

SELECTOR. That part of an automatic 
telephone equipment which is actuated by 
the dialling device at the transmitter to 
secure connexion with the subscriber with 
whom it is required to communicate. 
There arc about twenty different kinds of 
selectors used for the various operations of 
connccimg one line with another, but 
information relative to the basic principles 
upon which they operate will be found 
under the heading Automatic Telephony. 

There are also selectors in automatic 
sub-station equipment. The feeler 
switches (g.v.) operate through selector 
mechanism and will not close if the 
selectors reject, for some reason, the 
closing of a circuit. 

SELENIUM CELL. A light-sensitive 
device utilizing the property of selenium 
that its resistance becomes less when 
light falls upon it. Also called the selenium 
bridge. Selenium is a non-metallic 
element, chemically resembling sulphur 
and tellurium, and occurs in several 
allotropic forms varying in specific gravity 
from 4*3 to 4-8. Melting point 217° C. ; 
boiling point (k)0^ C. ; resistivity 60,000 
ohms at 0° C. ; dielectric constant 6*l 
to 7'4. Resistivity in darkness rnay be 
anything from 5 to 200 times resistivity 
under cxpo.sure to light, depending on 
intensity ; sensitivity is greater at low 
light intensity than at high. There is a 
slight time lag in response, but it is 
insufficient to affect the majority of 
applications. 

The light sensitive property of .selenium 
is developed by annealing at a temperature 
approaching its fusing point. The operat- 
ing characteristics of the cell depend to a 
considerable extent on the care and atten- 
tion taken in annealing. In the con- 
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SELENIUM CELL. Fig. I. The 
Radiovisor Bridge, consisting of a 
selenium film spread on insulating 
base, with gold electrodes, sealed m 
glass container. Fig. 2. Connexions 
of bridge for lighting control. 

Itudiovisor farent. Ltd 


struction of the cell, selenium is deposited 
on a glass plate and divided by thin lines 
to produce a long zig-zag strip. Electrodes 



Ovmiok ttOF 

Fig. 3. Pictorial diagram of control box, receiver and 
projector employed in the Radiovisor industrial smoke 
Indicator. 


are fitted to each end, the whole being 
suitably mounted in an evacuated glass 
tube with external contacts, or terminal 
pins. In practical applications thermionic 
valves, or equivalent means, are employed 
to amplify the variations in current origin- 
ating in the cell, to the degree required to 
actuate an associated relay or switching 
apparatus. 

Applications. The purposes to which 
selenium cells have been applied in in- 
dustrial and commercial service are in- 
numerable. They include switching street 
lights on and oif automatically as daylight 
fades and increases ; opening doors as one 
approaches to walk through ; timing 
races ; detection of fires by the presence of 
smoke ; counting articles passing a given 
point on a conveyor line, etc. ; protecting 
machine operators ; and actuating burglar 
alarms by “ invisible " rays. Television 
and talkie systems have also been 
developed using .selenium cells, though the 
photo-electric cell (q.v.) is normally used 
for these purposes nowadays. 

The equipment associated with a cell 
varies with the function to be fulfilled. 
For street lighting control the usual 
arrangement is as follows. A fixed resist- 
ance is connected in series with the cell and 

in circuit with a thermionic amplifier 
^ valve. A negative potential is applied to 

the valve grid, such that when the cell 
resistance is high (during darkness) the 
passage of anode current is prevented, 
while with low cell resistance (in daylight) 
anode current flows. The anode current 
operates a switch relay, or contactor 
switch, in a secondary circuit to switch out 
the lights ; the switch relay is permanently 
polarized and with no anode current 
flowing the switch closes and puts the 
lights on.'* The like purpose is fulfilled 
on D.C. supply utilizing a sensitive 
polarized relay in substitution ol the 
thermionic valve, and a mercury switch 
relay in the lamp circuit. 

For burglar alarms, smoke indicators, 
race timing, counting devices, etc., the 
general arrangements are similar to the 
above, except that a beam of light from a 
projector lamp is focused on to the cell. 
Interruption of the light beam by an 
opaque body causes the current variations 
in the primary circuit which are utilized 
to actuate the appropriate devices. In 
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burglar alarms an “ invisible ** ray is 
utilized, interruption of which causes the 
controlled equipment to function as with 
a visible light beam. The alarm circuit 
can be arranged, if desired, to ring up the 
nearest police station and indicate where 
the robbery is taking place, without in 
any way rousing the suspicions of the 
thief. See Caesium ; Light Relay ; Photo- 
electric Cell ; Radiovisor ; Television. 

SELF-CAPACITY. The inherent capa- 
city of a circuit or part of a circuit. 
Practically all electrical circuits possess 
capacity. Thus in an electric cable, the 
conductor, i.c. the stranded wire, forms 
one plate of a condenser, the insulation 
forms the dielectric, and the earth in 
which the cable is laid, or the outer lead 
casing by which it is protected, forms 
the other plate of the condenser. Two 
wires which are close to one another have 
a definite capacity, the air or intervening 
medium acting as the dielectric. 

In a coil, there is a capacity effect 
between every adjacent turn, and the 
whole coil has a definite self-capacity. 
A suspended wire, too, has a capacity to 
earth, the latter acting as one plate of a 
condenser, the wire as the other, and the 
intervening air as the dielectric. 

Self-capacity in radio circuits, and espe- 
cially in coils, is to be avoided wherever 
possible. Wires should cross as nearly as 
possible at right angles, and the farther 
apart the better. See Cap^icity. 

SELF-INDUCTION. As explained under 
the heading Mutual Induction, a conductor 
carrying a current of varying value is 
surrounded by a magnetic field wliich 
varies with the current. Conversely, if a 
conductor forming part of a closed circuit 
is surrounded by a varying magnetic field 
a current is induced in it. The consequence 
of these two phenomena is that when a 
current flowing in a conductor varies, the 
varying field it sets up in turn generates a 
second current in the conductor. This 
phenomenon is known as self-induction. 
The direction of the second current is 
important. When the first one is grow- 
ing, the second one is in the opposite 
direction. It, therefore, opposes the first 
and makes it grow more slowly. When 
the first is dwindling the second is in the 
same direction and makes it tend to 
keep on. Thus the effect of self-induction 


is to oppose any change in the current. 

The property of the circuit on which 
the phenomena of self-induction depends 
is called its electro-magnetic induction " 
or “ coefficient of self-induction.” A cir- 
cuit for which this is large is often spoken 
of as ” highly inductive.” This co- 
efficient of self-induction is greater for a 
coil than for a single conductor because 
each turn makes a contribution to the 
magnetic field created by a current. It is 
also greater for a circuit in the vicinity of 
magnetic iron. A coil wound on a soft 
iron core has, therefore, a high coefficient 
of self-induction. A field magnet is an 
example. If a switch in this is suddenly 
opened the effect of self-induction is to 
cause the current to try to flow on. A 
large voltage is built up which can arc 
across a considerable distance. For this 
reason it is dangerous to break the field 
circuit of a machine suddenly. It is usual 
to provide special switches for the purpose 
fitted with discharge resistances {q.v.), 
which allow the current to dwindle .slowly. 

When an alternating current is passed 
through an inductive circuit the effect of 
its coefficient of self-induction is to opj)o.sc 
the current during each quarter cycle 
when it is growing and to cause it to flow 
on during each quarter cycle when it is 
dwindling. The result is that the current 
does not build up to the same maximum 
value as it would in a non-inductive cir- 
cuit and, moreover, that it reaches that 
value later. It is said to be displaced. 
The effect of the inductance which reduces 
the current is called the reactance {q.v.) 
of thecircuit. Inductance; Induction. 


SERIES CHARACTERISTIC. The load 
characteristic of a series wound 
dynamo showing the relation between 
the terminal volts and current, rises 
sharply at first, becoming flatter and 

curving over as 
the current in- 
creases. At any 
point X on the 
load character- 
istic shown in 
the diagram, 
the voltage be- 
ing E, and the 
current I, the 
load re.sistance 
is given by 



SERIES CHARACTERISTIC. 
OZ represents critical resistance 
value. OXY is resistance line 
of load. 
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E/I=tan e where e is the angle of slope 
of the curve. OXY is known as the 
resistance line of the load. OZ, the tangent 
to the curve, represents the limiting re- 
sistance line or critical value of load 
resistance. At this value, unless the 
speed be increased, the machine will not 
excite. Thus for all values of resistance 
greater than that represented by OZ there 
will be no generation, and for all values 
less than tan a the machine will excite. 

SERIES COIL. Name given to that part 
of a held winding of a compound- wound 
machine whicli is in series with the arma- 
ture. From the series characteristic 
(q.v.), it is seen that the effect of the series 
coil is to increase the terminal volts with 
increase in held current. The scries held 
winding carries the main current and on full 
load the series ampere- turns have normal 
value for efficient operation, whilst on no- 
load the series coil carries no held current 
and has no effect on terminal volts. 

This is the reverse effect from that met 
with in the shunt (q.v.) coil, where the 
terminal volts fall oh with the load cur- 
rent. By combining the two effects, 
therefore, we should expect to obtain 
steady voltage at the terminals for all 
conditions of load current from no-load to 
full load. This is the underlying principle 
of compound winding (q.v.). 

The term is also applied to the winding 
of a dynamometer wattmeter or similar 
instrument which carries the main cur- 
rent. Scr Current Transformer ; Field 
Coil ; Instruments ; Wattmeter. 

SERIES CONDUCTION MOTOR. This 
is a term used to describe A.C. commutator 
motors in which the stator and rotor are 
connected in series, and the same current 
passes through both. Motors of this type 
can be designed for operation on any par- 
ticular number of phases, but the most 
common are single- and three-phase. The 
single-phase motor is connected in the same 
way as the D.C. machine, but modifica- 
tions are made in the connexions of the 
compensating winding. In some cases 
this is also connected in series, but in 
others it is short-circuited on itself, and 
the neutralizing current (so called because 
it neutralizes the effects of armature re- 
action) is induced by transformer action 
from the armature. This type of neutra- 


lized series motor is used extensively for 
single-phase traction work operating at 
pressures up to 500 volts. In order to 
improve commutation on these motors, 
which have an output up to about 700 h.p., 
the frequency is kept as low as possible, 
i6§ to 25 cycles per second. The three- 
phase series motor is more used on hoists, 
cranes, lifts and similar loads, and in this 
case the stator is wound in the same way 
as an induction motor, one end of each 
phase being connected to the supply and 
the other ends connected one to each of 
three sets of equally spaced brushes on 
the commutator. 

Speed control in cither single- or three- 
phase motors can be obtained either by 
altering the brush position or by means of 
a tapped transformer. The former method 
is objectionable on the grounds that it 
produces a low power factor at low speeds. 
See Commutator Motor , Series Motor. 

SERIES CONNEXION. Two or more 
conductors are connected in series when 
they are so joined that a current can flow 
from one to the next without being in- 
creased or de- 
er c a s c d in 
amount. If a 
current passes 
through 
several resist- 
a n c e s as 
shown in Fig. 
I, the resist- 
ances are said 
to be joined in 
series. Joining 
resistances in 
this way is 
equivalent to 
making a re- 
sistance equal to the sum of the separate 
resistances. If R is the total resistance, 
then this fact may be expressed by the 
equation R = Rj R2 + R3. 

Fig. 2 shows how cells are joined in 
series to form a battery, the negative 
element of one cell being joined to the 
positive of the next and so on. 

Fig. 3 shows a combination of these two 
methods, and is known as a series-parallel 
arrangement. When cells are joined in 
series the total E.M.F. is equal to the sum 
of the separate E.M.F. 's, and the total 
internal resistance of the battery is equal 
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SERIES CONNEXION. Fig. 1. 
Group of resistances senes. 
Fig. 2. Celts in senes. Fig. 3. Cells 
in series-parallel connexion. 
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to the sum of the separate internal resist- 
ances of each cell. In a parallel arrange- 
ment the total E.M.F. is the E.M.F. 
of one cell, and the total internal resistance 
equals internal resistance of one cell divi- 
ded by the number in parallel. 

By a series arrangement a greater 
E.M.F. is obtained and by a parallel 
arrangement a greater current. 

The capacity of a number of condensers 
arranged in series is given by the reciprocal 
of the sum of the reciprocals of the separate 
capacities. See Batter}' ; Capacity ; 
Parallel Connexion ; Resistance. 

SERIES DISTRIBUTION. See Thury 
System. 

' SERIES EXCITATION. The field wind- 
ing is connected in series with the load and 
therefore carries the main current. On 
full load the field ampere-turns have 
normal value for efficient operation, whilst 
on no-load there is no field current and 
consequently no generated E.M.F. See 
also Series Characteristic; Series Coil, etc. 

SERIES FIELD. The part of the flux 
in a compound-wound machine produced 
by the series winding is referred to as the 
series field. Speed control may be effected 
by variation of this flux caused either by 
shunting the scries winding with a resist- 
ance, or by cutting out some of the series 
turns. See Field Regulator ; Series- 
Parallel Control, etc. 

SERIES GENERATOR. In this class of 
dynamo electric machinery the field coils, 
consisting of a small number of turns of 
comparatively heavy gauge, arc connected 
in series with the armature, and carry the 
whole or a predetermined portion of the 
total current. At one time series gener- 
ators were used as constant current 
machines for series arc-lighting, but with 
the passing of this system of lighting they 
have fallen into disuse, as the manner in 
which their terminal voltage varies with 
current finds little or no commercial 
application. When increased external 
current is taken from a series generator 
the terminal voltage at first increases 
rapidly, but after a certain point, owing 
to the voltage drop in the armature and 
field windings, and to the effect of arma- 
ture reaction, the voltage begins to 
decrease. See Compound Winding ; Field 
Winding ; Generator ; Thury System. 


SERIES INDUCTION-CONDUCTION 
MOTOR. Instead of connecting the stator 
and armature directly in series with the 
mains (as described under Series Conduc- 
tion Motor), it is sometimes more con- 
venient to feed the rotor through a series 
transformer, and this gives rise to the 
above term. In this system a pressure 
considerably lower than the supply voltage 
is applied to the armature ; this lowers the 
cost of insulation, increases reliability, and 
improves commutation. 

The characteristics of the machine are, 
of course, the same as those of the simple 
series motor, as the armature current is 
always a fixed multiple of the stator 
current. By using a tapped transformer, 
economical speed control can be obtained ; 
as for the same line current taken a lower 
tapping would produce lower armature 
voltage but higher current. The lower 
voltage would give decreased speed, and 
the higher current increased torque. 

This system is applicable to systems of 
any number of phases, but its chief advan- 
tage is in three-phase working, as it is 
possible to change the supply to the arma- 
ture to three, six, nine or twelve phases by 
means of the transformer. The increased 
number of phases requires a corresponding 
increase in the number of brush arms, and 
this often enables a better proportioned 
commutator to be used, and greatly im- 
proves commutation. See Commutator 
Motor. 


SERIES MOTOR. A series motor is one 
in which the field is excited by the same 
current that flows through the armature. 
This means that the field windings must 
be woimd to carry the full-load current of 
the machine, although only a few turns 
are necessary. In multi-polar machines, 
the windings on the poles may be connec- 
ted in a series-parallel arrangement so that 
only a part of the 
full load current 
passes through 
each, so that the 
field coils can be 
wound with a 
smaller conductor. 

When the cur- 
rent taken by the 

SERIES MOTOR. Mechanical rriaf*liiTiP iQ llip"!! 
characteri»tic8 of series motor 

showing variation in torque the field IS Strong, 
and speed with increase in 

armature current. SO prodUClHg a 
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large torque, which is dependent on the 
product of armature current and field 
strength. With a strong field the speed 
of rotation is low, as the speed is a function 
of the back E.M.F. generated in the 
armature, and this depends on the product 
of field strength and speed, and must 
always be approximately equal to the 
voltage applied to the machine. See Motor ; 
Thury System. 

As the load is taken off the motor 
{i.e. the torque necessary is decreased), 
the current falls, and due to the weakening 
of tlie field, the speed must increase. The 
characteristics of the machine are there- 
fore of the form shown, so that if the load 
is taken off, the speed of the machine tends 
to become infinite, i.e. it runs away.'' 
This would result in the bursting of the 
armature due to the centrifugal forces 
set up, so tlie motor is usually coupled 
to its load in such a way that the coupling 
cannot come adrift, as, for example, by 
means of gears. It must never be 
connected by a belt which is liable to 
break. In a case where the load is liable 
to come off, a minimum current circuit 
breaker or its equivalent should be used. 

Applications. The chief application of 
the series motor is to electric traction, 
for which purpose its characteristics are 
particularly suited. Thus it can be de- 
signed to have high starting torque, a 
feature necessary for the rapid starting of 
trains, while a small decrease in speed 
produces a comparatively large increase in 
torque, thus enabling speed to be main- 
tained on hills. The control of the motor 
at starting and in v’^arying speed can be 
made very economical where more than 
one motor is used, as is usually the case 
in traction service. At starting the 
motors are connected in series with one 
another, and when the starting resistance 
is cut out, the motors are then connected 
individually to the supply, first of all 
with resistance in series, this again being 
cut out. Speed control is usually effected 
by means of a diverter resistance in the 
field circuit. This resistance is inserted 
in parallel with the field coil, so that part 
of the current is by-passed from this and 
the field is weakened. 

When series motors are used as 
generators for braking, it is necessary to 
reverse the field connexions. The reason 


for this is that in changing from motoring 
to generating, the current in the armature 
must reverse, and the current through 
the field coils would be in the wrong 
direction to allow the field to build up. 

Most electrically driven road vehicles 
are fitted with series motors, although 
some lighter types of battery vehicles 
have shunt or compound motors. The 
driving motors of j:)etrol- or oil-electric 
vehicles are series machines, but here 
starting and speed control are obtained 
by varying the voltage generated, and not 
by means of resistance and a diverter 
respectively. 

Other applications are to cranes and 
hoists, where a fast lift on light load 
enables considerable time to be sav^ed. 

A.C. Series Motor. If the voltage applied 
to a D.C. series motor is leversed, the 
direction of rotation is unchanged, .so 
that with an alternating voltage applied, 
the reversal of current in each cycle will 
not cause a reversal of torque, which would 
result in the machine locking. As the 
field is excited by the armature current, 
the field and current are always in phase, 
and the machine will operate satisfactorily. 
As the flux in all parts of the magnetic 
circuit is alternating, the yoke must be 
laminated as well as the armature. Even 
so the iron losses are considerably liigher 
chan in a D.C. machine of the same 
rating, and as tlie peak value of the voltage 
is sT times the R.M.S. rating, the iron sec- 
tion is also larger. This means that the 
A.C. machine will be larger and more ex- 
pensive than a D.C. machine of the same 
rating. 

The characteristics of the two machines 
can be made almost identical, but the 
simpile A.C. series motor is not much used 
in practice. Another difference between 
the D.C. and A.C. machines is that in the 
latter the poles do not project from the 
yoke, but the field winding is placed in 
slots in the .same way that the stator of an 
induction motor is wound. 

One of the chief troubles associated 
with the A.C. commutator motor in its 
earlier development was that of armature 
reaction (q.v.), which is much more trouble- 
some to overcome so far as its effects on 
commutation are concerned than in the 
D.C. case. It is overcome in modem 
machines by introducing a compensating 
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winding (q.v.) to neutralize the armature 
reaction over the whole armature, as well 
as providing interpoles of the ordinary 
type. The name series motor is given to 
A.C. machines which are not series con- 
nected, but which have the characteristics 
of a scries motor. 

The advantage of the series motor over 
the induction motor is that it has a high 
power factor (near unit} ) and a very high 
starting torque, while speed control can 
be carried out simply and economically. 
Its applications are the same as those ot 
the D.C. machine, and it is standard 
practice on the Continent to use high- 
voltage A.C. on the main electrified rail- 
way lines, this being stepped down on the 
locomotiv'e and supplied to the series 
motors (see Traction). 

A.C. series motors are built for outputs 
up to 1,000 h.p., but above tliis the usual 
practice is to connect them in cascade 
with an induction motor, and this system 
is in extensive use for rolling-mill drives. 
The commutator motor is fed from the 
rotor of the induction motor, and there- 
fore its supply frequency is low. See 
Booster ; Commutator Motor ; Compound 
Generator. 

SERIES-MULTIPLE CONNEXION. 

Alternative name for series-parallel con- 
nexion, multiple being the American 
synonym for parallel. 

Applied to machines, lamps or other 
apparatus connected alternatively in scries 
and in parallel, or to machines or appara- 
tus connected in series groups in parallel 
with one another. See Parallel Connexion ; 
Series Connexion ; Shunt Connexion, eic. 

SERIES-PARALLEL BATTERY CON- 
TROL. A method of controlling the 
speed of battery-operated vehicles by 
connecting sections of the battery in 
series or parallel as desired, and thus 
regulating the voltage applied to the 
motor, and consequently its speed. 

SERIES-PARALLEL CONTROL. A 

method of variable voltage control. 
It will be readily seen from Fig. i 
that when this system of control is applied 
to the simple case of two similar pieces of 
apparatus, the voltage across each when 
connected in series is one half that 
when parallel connexion is employed. 



SERIES-PARALLEL CONTROL. Fig. 1 (a) In 

senes, voltage drop across each section, is half the 
applied voltage. In parallel, there is the full voltage 
across each section. (b) Steps in transition from 
series to parallel control. 

This method may be employed for the 
control of variable speed motors, in which 
case two motors, which must have 
similar characteristics, are first connected 
in series, usually with a starting resistance, 
or rheostat, in circuit, and accelerated to 
half speed, after which the two motors 
are connected in parallel, usually, as 
before, in scries with a starting resistance, 
and accelerated to full speed. Series- 
parallel control is also applied to other 
types of electrical apparatus, such as 
electric lamps, when the alternative use 
of dimmed " and “ full '' lights is 
required, either as a necessity or con- 
venience ; namely, in hospitals, hotels, 
railway carriages, and automobiles ; to 
heating and cooking circuits, when low 
and full heat are required from the elements 
— low when connected in series, full in 
parallel, and in the control of radio and 
other electric circuits. 

Series-parallel motor control is employed 
for the control of the motor equipment of 
D.C. traction (q»v.) systems almost uni- 
versally. It is also used on A.C. traction 
systems, but to nothing like the same extent. 
By this method full and half speed may be 
obtained, without rheostatic los.ses. Other 
speeds may be obtained by introducing 
resistances in series with the motors by 
drum controllers or contactor gear, or by 
field control, or by both methods. To 
secure the utmost benefit from this 
system the acceleration should be smooth 
and the torque uninterrupted ; at the 
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transition stage from series to parallel. 
These conditions are difficult to attain. 

Methods of Changing Connexions, Four 
methods of changing over the connexions 
are recognized. One of these involves the 
use of a separate change-over switch, and 
is clumsy, and the other three are known 
as open circuit, shunt (or short circuit), 
and bridge methods of transition respec- 
tively. In the open circuit method, when 
the motors have been accelerated up to 
lialf speed and all the resistance cut out, 
both motors are disconnected from the 
supply, and then re-connected in parallel. 
Duiing the transition tliere is no torque, 
consequently on an up-grade difficulties 
are likely to arise when attempting to 
pass this point, and there is also the 
possibility of heavy arcing. Consequently, 
this method is only employed for small 
motors where a short idle period is not 
likely to prove disastrous. 

In the second method, when the series 
resistance has been cut out, one of the 
motors is short-circuited, leaving the 
other to provide the torque ; a section of 
the resistance being reintroduced at the 
same time to prevent excessive voltage 
rise on the active motor during the period 
of transition ; the other, being in scries 
with its fellow, is not liable to damage. 
Finally, the temporarily inactive motor 
is re-connected in ])arallel across the other 
by disconnecting its inner terminal and 
reconnecting to the terminal of the other, 
as shown in Fig. 2. For hand control, this 
is the method most widely adopted. 

In the bridge method, two starting or 
regulating resistances are employed, and 
the connexions are similar to those of the 
Wheatstone bridge, the bridge connexion 










SERIES-PARALLEL CONTROL. Fir. 2 (a) Senes 
connexion, first position ; (b) series connexion, final 
position ; (c) transition period ; (d) parallel connexion, 
first position. 



Fig. 3. Series-parallel 
field control for motor. 
A. P. Lundbero dc Sons 


being formed just before transition. Pro- 
vided that the voltage across each section 
is the same, that is, the motors are running 
at such speed that their back E.M.F. is 
equal to the potential 
drop in the resistors 
A and B, they are at 
the same potential 
and so no current 
(with consequent arc- 
ing) has to be inter- 
rupted. The chief 
difficulty is in gaug- 
ing the correct speed 
of the motors at 
which to effect the change-over. Hence 
this method finds its chief application in 
indirect control, that is by contactors, for 

railway trac- 
^ tion. 

The switch- 
ing in this 
and other 
methods o f 
series - paral- 
lel mot or con- 
trol is effected 
by special 
controllers 
(see Drum 


Controller). A 
method of con- 
trolling A.C. 
motors by a 
simple series- 
parallel switch 
is shown in Fig. 
3, the phases of 
the stator wind- 
ing being 
specially wound 
in two parts. 

For the con- 
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Fig. 4. (a) and (6) Two methods 
of connexion for lighting and 
heating control. Fig. 5. Auto- 
. mobile lighting circuit diagram 
trol of lighting employing series-parallel system. 

circuits a series- ^ sons 

parallel tumbler switch may be em- 
ployed. Fig. 4(a) shows a switch of this 
type applied to the control of two lights. 

Similar connexions may be employed 
for heating circuits. Although the con- 
nexions shown in Fig. 4(a) are the most 
usual, when lamps, heaters, fans, and small 
motors, etc., are to be connected by a 
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series-parallel switch ; those shown in 
Fi^^ 4(^) arc simpler and cheaper, requiring 
onl}^ a three-pin plug connector. 

Series-parallel control may be applied to 
automobile lighting, and Fig. 5 shows one 
method by wliich the head lamps of a car 
can be dimmed. See Controller ; Traction. 

SERIES-PARALLEL WINDING. Any 
winding which consists of a parallel section 
connected in series with another, but 
applied more specially to a form of arma- 
ture winding for D.C. machines, which is 
also known as a multiplex wave winding 
(see Wave Winding). By the suitable choice 
of the number of winding elements and 
j)itch, the number of parallel paths may be 
made equal to any whole number desired. 
This method, like that of the multiplex lap 
winding, lends itself to large outputs at 
low^ voltages, but it is distinguished trorn 
this winding inasmuch as the number of 
armature paths bears no relation to the 
number of poles. 

Windings of this type are usually avoided 
by de.signers, though successful machines 
of high capacity have been manufactured 
on the Continent (the original patent for 
this type of winding being held by E. 
Arnold, and exploited by Oerlikon), and 
by at least one reputable manufacturer in 
this country. They do not posse.ss great 
adv^antages over the more simple windings ; 
since the theory underlying them is more 
complicated and extreme care is necessary 
both in design and manufacture if sym- 
metrical windings and good commutation 
are to be ensured. 

SERIES WINDING. A winding asso- 
ciated with a magnetic circuit, tlirough 
which the whole or a certain proportion 
of the line current flows. TJie magnetic 
flux set up by tliis type ol winding 
varies in proportion to the line current, 
and not, as in the case of shunt windings, 
directly to variations in line voltage. 

Compared with shunt windings, scries 
windings have fewer turns, and the 
conductors are of heavier gauge, both of 
which differences are due to the heavier 
currents carried — fewer turns being re- 
quired because the magnetic effect of a 
winding is proportional to the product of 
the current and the number of turns. 

Series windings may be employed — 
alone or in conjunction with shunt wind- 
ings — to produce a resultant magnetic 


effect which is proportional to both current 
and voltage variations. Apart from the 
use of these windings for certain classes 
ot electric motors and generators (see 
Scries Motors), the main use of scries 
windings is for current limiting devices 
(excluding here the solenoids employed with 
push-button and similar controls and in- 
strument transformers). A simple example 
of this application is the overload coil 
on the starters employed for D.C. shunt 
or comf)ound motors. This is connected 
in series with the armature, and should 
the armature current become excessive 
through overloading or any other cau.se, 
the overload coil operates a plunger or 
arm, which by .short-circuiting a pair of 
contacts releases the starter-arm. Similar 
ox'crload coils are employed for tripping 
circuit breakers. For A.('. circuits the 
trip coil is usually connected to the 
secondary of a current or series trans- 
former. 

As explained elsewhere, when starting 
motors it is usual to limit the current by 
reducing the voltage apjilied to the 
armature, which in the ca.se of D.C. 
(and .some A.C.) machines is achieved by 
connecting a number of resistances in 
series with the armature, wiiicli are 
gradually cut out as the speed of the 
machine rises. This gradual cutting out 
ol resistances may be done by hand, in 
which case the starting handle is moved 
from stud to stud as the current falls 
to a certain minimum value, or by con- 
tactor gear employing a counter-E.M.F. 
starter. 

Series Lock-Out Contactor. This may 
also be achieved by what is in effect the 
most fundamental form of control, a series 
lock-out contactor. In this latter, a 
number of scries coils carrying the main 
motor current are employed and the con- 
tactors are kept open until the current 
has fallen to a predetermined value. 

Two types exist, the single and the 
double coil. In the iirst, the contactor 
arm, which is of magnetic material, is 
controlled by two magnetic circuits but 
only one coil. The first magnetic circuit 
is entirely of iron, but a section of this 
is restricted so that it easily becomes 
saturated ; the other is of ample cross- 
section but contains an air-gap. When 
the current exceeds a certain value the 
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SERIES WINDING. Senes coils in double-coil series 
lock-out contactor. 


effect of the latter circuit predominates 
and holds the contactor open ; as the 
current falls, the other circuit becomes 
the more effective, because the restricted 
portion is no longer saturated and the air- 
gap now offers the greater resistance. 
Hence the contactor closes. 

The double-coil type, the circuit of 
which is shown in the ligure, is similar in 
action but is more positive. 

A further use for series coils is in the 
protection of feeders, both against over- 
load and leakage, and for tlie protection 
of transformers, alternators, and similar 
apparatus. Well-known systems of this 
tyj)e are the Merz-Price and the Beard- 
Hunter. See Protective Devices. 

SERVICE CABLE OR SERVICE MAIN. 

The cable that joins the consumer to the 
supply mains. Generally, the supply 
mains run through the street, whilst the 
service main is joined thereto and runs 
into the house, being joined to the con- 
sumer's installation at the main switch, 
via supply fuses and meters. Connecting 
up to the supply can only be arranged 
after the consumer’s installation is com- 
pleted and has passed the insulation test in 


SERVING. The application of a pro- 
tective covering to any cable or rope for 
the purpose of preventing it from fraying 
or receiving damage due to abrasion or 
impact. Sheathed and armoured cables 
arc often served for this purpose, and the 
covering used may be jute or fabric tape. 
Sec Cable. 

SERVO-MOTOR. A mechanism for 
converting a small movement into one 
of greater amplitude or with greater force 
to effect it. Extensively employed in all 
branches of engineering as, for instance, 
the dual oil-tilled piiston arrangement 
adopted tor turbo-generator steam con- 
trol, the linked motions employed for 
brake operations in traction, hydraulic 
lilting jacks, and many similar devices. 
Small electric motors, known as pilots, 
are also used for this purpose, generally 
to actuate auxiliary apparatus in con- 
nexion with larger motors. 

SEWING MACHINES. The application 
of electricity to sowing machines lies in 
connecting an electric motor to existing 
mechanism formerly hand, or otherwise 
mechanically, operated. Tlicre are three 
ways in which electric motor drive is 
applied : by transmission drive ; direct, 
or by combination declutching for electric 
or hand drive. This service is one of 
the few in which the application of 
electricity seems to have done little to 
increase the uses to which previously 
existing machinery is put. Nevertheless, 
electric drivT allows considerable economy 
ill time of sewing and in ease of manipu- 
lation for domestic purposes, and greatly 
increased oiU}Mit in tiiilonng and other 
industrial forms. 


accordance with Rule 1104 of the Regula- SHADE. A simple electric light lit ting 
tions for the Electrical Equipment of for direct lighting installations, intended 

Buildings of The Institution of Electrical to prevent an observer from being sub- 

Engineers. In these regulations there is jected to direct glare from the lamp, 
provision for the satisfactory testing of the Silk and pan hment shades for pendant 
conductors to earth, the method in which fittings, and jiedestal and table lamps 

this testing shall be carried out {i.e. with are still popular for domestic lighting, but 

lamps in place or not, depending upon the have little to recommend them except their 

system of wiring), and the insulation of pleasing, and in some cases homely, 

conductors from frameworks being speci- appearance. Usually the light distribu- 
ted. Continuity of sheathings is also to tion from such shades is poor, and a con- 
be tested, and according to the I.E.E. siderable proportion of the light emitted 

rules provision for proper earthing must by the lamp or lamps is absorbed by the 

be made in accordance with Rules 1109 material of the shade. By replacing 

and mo for the testing of earthing. See these shades by modern fittings consider- 

Connexions ; Fault (Cables). able economics can usually be effected. 
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The conical shade which was at one 
time very popular for industrial and 
commercial installations, was designed 
for the now almost obsolete carbon 
filament lamp. Much of the lamp is 
exposed to view, and with modern lamps 
of high intrinsic brilliancy the resulting 
glare is considerable. Moreover, shades 
of this type do not distribute the light 
in the most effective manner. In spite 
of their low initial cost it is cheaper in 
the long run to employ modem reflectors. 

For large industrial and commercial 
installations, where no decorativ’e effect is 
required, well -placed R.L.M. reflectors 
are to be preferred to shades, a smaller 
number being required. Where this type of 
reflector is unsuitable various other dis- 
persive reflectors are available (see Light- 
ing Fittings). 

There is no justification for the con- 
tinued use of conical shades even for small 
installations, where first cost may assume 
considerable importance. The Coolicon 
shade is extremely cheap, and is the modern 
answer to the conical shade. It is well 
within the w'eight limits recommended 
for cord -grip suspension, and can be 
used with bakelite holder and skirts, 
allows the correct proportion of light for 
ceiling illumination, and avoids excessive 
heating of the lamp holder. 

Porcelain enamelled and aluminium 
parabolic reflector bowl shades prevent 
direct glare, but are not as a rule 
sufficiently dispersive to prevent re- 
flected glare from polished surfaces. 
Their chief uses are for supplemental 
lighting to assist a general illumination 
of diffused character. The same remarks 
apply to mirrored-glass shades. 

Prismatic glass shades utilize light as 
efficiently as the best vitreous enamelled 
metal reflectors, but are not so dispersive. 
They are considerably less formal and may 
be used in offices, shops, and for home 
lighting, when more elaborate fittings are 
considered to be out of the question. 
They do not obviate reflected glare, and 
when a simple fitting is required, which 
will reduce both direct and reflected glare, 
an opal glass reflector with a deep bowl 
and a frosted lamp is recommended. See 
Illumination ; Lighting ; Lighting Fittings ; 
Reflector. 


SHADE CARRIER RING. The shade 
carrier or gallery is usually secured to the 
lamp holder by means of a screwed ring 
or similar attachment. See Gallery. 
SHADED POLE. 5 ^^? Shielded Pole. 
SHAFT CURRENTS. In addition to 
eddy current losses in the armature core 
of rotating machinery, stray currents are 
set up in the shaft and bearings. These are 
liable to set up electrolytic action, causing 
corrosion of the journals and bearings in 
addition to the energy loss they occasion. 
They are usually not serious enough to 
W'arrant any extra expenditure on over- 
coming these defects, however, and for all 
practical purposes may be neglected. 

SHAVING POT, ELECTRIC. A small 
container or jug in which water lor shaving 
can be heated up by electric elements 
fitted to the pot. They are made in 
various shapes and sizes, and commonly 
have seT*vice convenience features, such as 

SHAVING POT F.g. 1. 

(above) A Siemens pot, and 
(right) a Dowsing product 

a ledge for supi)orting the brush or soaj). 
The interior is usually tinned copper and 
the outside polished copper, nickel or 
silver plated. Elements are mostly of the 
mica wound type, clamped to the under- 
side of the bottom. Loadings are of the 
order of 200 watts, I pint, and 300 watts, 

2 pint capacity. Water is raised to, 
say 180^ F., in three to four minutes; 
consumption about week. 

Shaving pots are normally supj)lied 
with appliance connector, two yards of 
flexible and bayonet adaptor for connect- 
ing to a lamp holder ; or f)ossibly a two- 
pin wall plug may be provided. In these 
circumstances there is no provision for 
earthing " the pot. 

It is therefore inadvisable to use 
them in a bathroom or in the vicinity 
of earthed metal, as in the event of the 
metal pot becoming alive a dangerous 
shock might be experienced. 

Provision should be made for earth 
protection by 3-pin contacts and flexible, 
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or the pot should be heated up away from 
the bathroom and disconnected from the 
supply circuit before being taken into the 
bathroom for use. 

SHEATHING (Cable, Cab-Tire, Lead, 
and Tough Rubber). Cable sheathing is a 
generic term employed for the outer pro- 
tective covering on a cable, whicli may 
be of hard rubber, known as Cab-Tire or 
Tough Rubber Sheathing, or of lead alloy. 

For lighting circuits, in normal situa- 
tions V.J.R. cable [q.v.). braided and run 
in conduit, is commonly employed. In 
dam}) situations or where surface wiring is 
adopted, however, either lead covering, or 
compound rubber, im]:)ervious to mechani- 
cal or chemical damage, must be used. 

With impregnated, paper-insulated 
power cables, lead sheathing is always 
employed, but for small-power circuits, 
such as those met with in domestic and 
industrial installations, the flexibility and 
ease ot jointing of the T.R.S. cable are 
greatly in its favour. Its wearing qualities 
and resistance to corrosion attain a high 
standard, and have led to its application 
for trailing cables in mines, cinema studios, 
and many other similar purposes. 

See also the various wiring systems 
discussed under their own headings 
throughout this work ; Armoured Cable ; 
Cable ; Cab-Tire Sheathing ; Tough Rubber 
Sheathing ; V.I.R., etc . ; and under Wiring. 

SHELL TYPE TRANSFORMER. One 

of the two classifications into winch modern 
transformers fall ; the other class being the 
core type. The 
shell type is so 
called because 
it has its core 
forming a shell 
round the wind- 
ings, i.e. the 
core totally en- 
closes them, as 
indicated in the 
figure. The magnetic circuit of this trans- 
former is two paths in jjarallel. 

The difference between this type of 
transformer and the core type is chiefly in 
manufacturing detail as the efficiency — 
taken on the average — is much the same 
in both cases. This type does not, how- 
ever, find such favour in modern practice 
as the core type. 


SHIELDED POLE. Also known as 
shaded pole. A method whereby a 
phase difference in the alternating mag- 
netic fluxes in two pole pieces, excited 
by the same winding, is obtained by a 
copper ring or band encircling one of the 
poles. The phase displacement of the flux 
in the shaded or shielded pole is due to the 
magnetic effect of the currents induced 
in the ring or band. The shielded pole 
construction is used in over-current relays, 
and in small single-phase induction motors. 
In its latter apjflication it does not lead to 
a very efficient design, but it has the merit 
of great simplicity, in that a single stator 
winding only is required. See Inductance ; 
Motor. 

SHIELDING. The protection of elec- 
trical instruments from the disturbing 
effects of external electrostatic or magnetic 
fields which otherwise would lead to 
errors of indication. l‘he fundamental 
j^rinciple of all methods of shielding is that 
of enclosing the movement of the instru- 
ment in an envelope into which the 
extraneous flux is diverted. 

The shielding of electrostatic instru- 
ments is very simjfly effected by connect- 
ing the fixed charged conductor to the 
metallic case, which must then be connected 
to the earthed })olc of the supply. If 
neither pole of the supply is earthed the 
instrument must be provided with an 
additional casing, cither of insulating 
material, or of metal, insulated from the 
live case and connected to earth. 

Electro-Magnetic Shielding. The effec- 
tive shielding of electro-magnetic instru- 
ments from the effects of external magnetic 
fields is not so simple. The usual method is 
to enclose the movement of the instrument 
in an envelope of magnetic material, which 
envelope is relied upon to divert or shunt 
tlie magnetic flux from the movement. 
The effectiveness of this shunting depends 
upon the permeability of the material of 
the shield. As the permeability of cast iron 
or ordinary sheet steels is very low for 
weak fields, the shunting effect when 
these materials are used can only be 
partial. The use of mumetal gives much 
superior shielding since this material has a 
maximum permeability with very low 
flux densities. This matter is further 
considered under the heading Mumetal. 



SHELL TYPE TRANSFORMER. 
Thie magnetic circuit. Windings 
are on central limb A. 
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Shielding can be made much more 
efficient by the use of two magnetic 
envelopes, the one within the other. With 
this type of construction the inner shield 
diverts from the movement a large fraction 
of the minute flux wliich has escaped 
the outer shield, so that the residue 
which penetrates to the movement is 
negligible. 

Magnetic shields for instruments should 
be as deep as possible. Apertures to 
accommodate the connecting leads and 
for the pointer are essential, but thes^ 
should be as small as practicable. 


It is very important to avoid any 
possibility of a permanent polarity being 
imparted to a magnetic shield if the 
instrument should be exposed to a strong 
external field. The use of mumetal (q.v.) is 
the best way of avoiding such a possibility, 
as the remanence of this alloy is abnor- 
mally low, and it is incapable of retaining 
any appreciable permanent magnetism. 
High-grade instruments, even though they 
are efficiently shielded, should, however, 
always be carefully kept away from any 
position where there is a risk of exposure 
to a strong external magnetic field. 


SHOCK, ELECTRIC : THE RISKS AND TREATMENT 

By L* J* Luffingham 

Every worker in the electrical industry is exposed to the risk of shock, whether 
due to the carelessness born of familiarity or to the failure of insulation or 
earthing, and under certain circumstances serious danger is not limited to high 
voltage work Accordingly, the present work would not be complete without 
the clear instructions given here for rescue and life saving. See Home 
Office Regulations. 


Danger to life from electric shock is not 
dependent solely on the supply pressure. 
It is only necessary for a \'ery small 
current to flow through the body for fatal 
results to ensue, and that is determined by 
the total resistance in circuit. Thus, 
standing on a carpet or wooden floor, 
wffiich are good insulators, probably only 
a slightly objectional .shock sensation 
would be experienced on touching a 
250-volt conductor. But standing in .1 
bath, wffiich has no insulation value to 
earth, and grasping a radiator or other 
appliance that has become live through 
breakdown of its insulation, would of a 
certainty prove fatal. There is nothing to 
check the flow of current in the latter ca-se. 

As far as the human body is concerned, 
its electrical resistance is virtually that of 
the skin only. If that is lessened or de- 
stroyed by perspiration, or by being in 
contact with water, there is negligible 
resistance to check current flow. Under 
the latter conditions very low pressures 
may prove fatal, e.g. Oo volts A.C. Alter- 
nating current repre.sents a greater .shock 
risk than D.C. for a given voltage, as the 
crest voltage of the A.C. wave is con* 
siderably higher than the K.M.S. value. 

Methods of Rescue. One of the effects 
of an electric current passing through the 
body is to contract the muscles. Thus it 
sometimes happens that a workman 


having grasped a live conductor accident- 
ally is unable to let go. Anyone attempt- 
ing to remove Jiim may become similarly 
involved unless proj)cr precautions are 
taken. It is advd.sable to stand on a dry 
wooden chair, or pull the victim free by 
using a dry coat, dry rope, or any other 
means that will insert high resistance 
between the rescuer and the source of live 
current. 

If, when removed, the victim is uncon- 
scious and lias apparently ceased to 
breathe, artilicial respiration should be 
resorted to at once. 

It is most important that efforts to 
restore life should not be abandoned too 
soon, even though life appears extinct. 

Artificial respiration should be con- 
tinued if nece.^sary for two hours or longer. 
Even the v^erdict of a medical man that 
the individual is dead, especially if given 
after a brief examination, cannot be relied 
on as infallible. Cases have occurred in 
which life has been restored after as long 
as four hours of artificial respiration. 

There should l)e the minimum of delay 
ill commencing artificial respiration. It is 
desirable that smouldering clothes should 
be extinguished, the victim*s mouth in- 
spected to see that it is unobstructed, as 
by false teeth, and that clothing round the 
neck and body should be loosened. The 
shortest possible time should be lost in 
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SHOCK, ELEC- 
TRIC. Hg. 1. The 
first thing is to lay 
the patient on his 
back, open h is 
mouth and ascer- 
tain if the throat 
is clear, depressing 
the tongue, if 
necessary, to ob- 
tain a view. 


Fig. 2. Having 
cleared the 
throat if blocked 
by any sub- 
stance, tight 
clothing about 
the neck must be 
loosened. This 
and the previous 
step must be 
taken very 
quickly, or they 
can be done by 
an assistant, as 
every moment 
counts. 



parallel and close to one another, while the 
fingers are spread out ovxt the lower ribs. 

3. Keeping his arms perfectly straight 
he then throws the weight of his body for- 
ward on the arms, thereby compressing 
the patient’s chest. This movement 
should occupy a time sufficient to count 
I, 2, 3, slowly, when — 


these preliminaries, and if they can be left 
to an assistant and artificial respiration 
started at once, so much the better. 

Artificial Respiration. The object of 
artificial respiration is to restore breathing, 
as the heart may continue beating after 
breathing has stopped, and if it is recom- 
menced in time life may return. Of the 
various methods of artificial respiration 
that can be used the Schafer system is by 
comnum consent the best. The patient is 
first laid face downwards, with his arms 
stretched out beyond his head, and the 
face turned to one side, vso that the mouth 
and nose may be free. The sequence of 
operations is as follows: 

•I. The person who is going to perform 
artificial respiration, and whom we may 
call the operator, kneels alongside the 
patient, or astride him, looking forward, 
and with his knees about the level of the 
patient’s hips. 

2. He places his hands on the patient's 
back on a level with the lower part of the 
patient’s chest, the thumbs being about 


4. The opeiator sliould spring back, still 
keeping his hands on the patient’s chest, 
however. This movement should last 
long enough to count i, 2, slowly. 

When the weight is taken off the chest 
it expands and air is drawn into the lungs. 
These mo\a‘ments are steadily continued 
till the patient begins to breathe naturally. 

In performing artificial respiration two 
mistakes are often made, and they do 
much to lessen the usefulness of the 
operator’s exertions if, in fact, they do not 
make them altogether useless. One is 10 
place *hc hands too loic doini, so that they 
are on the patient’s loins, rather than on 
the back of his chest ; and the other is to 
bend the arms when throunn^ one's weight 
on them. 

The speed at which the movements arc 
carried out is also important. The double 
movement should be gone through about 
15 limes per minute. The operator can 
get an idea of the timing by breathing 
slowly, exhaling as he presses forward 
and inhaling as he rocks backwards. 
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SHOCK, ELEC- 
TRIC. Fig. 3. 
The patient is 
p I a c c d on his 
front, face to one 
side and arms 
extended The 
operator kneels 
and places his 
hands on the 
lowei part of the 
back of the chest. 
The arms must 
be kept straight. 
The exact posi- 
tion IS impoi tant. 


When the patient is breathin.e; naturally 
he may be turned on his back, or into an 
easy position on his right side, and some- 
thing should be done to increase his warmth 
and improve his circulation. To that end 
the limbs may be chafed, rubbing always 
towards the heart. Hot water bottles and 
blankets, if they can be procured, should 
be placed about the patient, otherwise 
such extra clothing a.s is available. When 
he can swallow he may be given a little 
spirits and water, or warm tea or coffee. 

If a doctor can be obtained he should 
give instructions as to when the patient is 
fit to be moved. 

While the patient is heinf; removed, and 
for an hour or two after he is in bed, a 


careful ic'atch must be maintained lest 
his breathing should again cease. 

Alternative Method. In certain cases 
the victim may be badly burned about the 
chest, from electric arcing, making it im- 
})racticable to apply the Schafer method ol 
resuscitation. Only in such cases should 
the following, less effective, method be 
resorted to. IMace the j)atient on his back, 
with a rolled -up coat or other improvised 
pillow beneath the shoulders so that the 
head falls backwards. The tongue should be 
drawn forward. Kneeling beliind the pa- 
tient with his head betwwn the knees, the 
operator grasps the patient's arms just be- 
low the elbows and draws the arms over his 
head until hori/.oiital. Pause in this position 
about two seconds. The j)aticnt's 
1 arms should then be brought back 


Fig. 4. The oper- 
ator now throws 
the weight of his 
body on his arms, 
kept rigid, and 
thus compresses 
the patient’s 
chest driving out 
air. Still keeping 
his hands on the 
chest the oper- 
ator springs back 
to the first posi- 
t i o n , releasing 
pressure on the 
chest, which ex- 
pands, fresh air 
rushing in. 
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to either side of the chest, the operator lean- 
ing on them to compress the chest inwards. 
Pause a further two seconds, and repeat 
the movements at the same rate. To 
assist the lung inflating effect the patient's 
arms may be swung outwards when draw- 
ing them over his head. Violent move- 
ments should be avoided. 

SHOP- WINDOW LIGHTING. The 

primary object of shop-window lighting is 
to attract attention to the goods which the 
shopkeeper wishes to display and adver- 
tise. This object can only be attained 
effectively by providing a sufficiently high 
intensity of ilhimination, and by ensuring 
that the attention of the prospective cus- 
tomer is not drawn to the lighting fittings, 
or distracted by the glare from unshielded 
lamps, in jirefercnce to the actual display. 

The intensity recommended for any 
particular installation depends very largely 
on that prevailing in the street or 
district in which the shop is situated. 
Thus m a side street a lower intensity is 
permissible than in a main shopping 
thoroughfare. Suggested values of illumi- 
nation are as follows, in watts/ft. run: 
in side streets, 30-50 ; in moderately 
lighted main roads, 50-100 ; in main 
shopping cemre^s, 100-200. 

For further information sec Floodliglit- 
ing, where a particular example is cal- 
culated in pages 526 27. 

The window may be illuminated either 
from tlu* exterior or interior. In the first 
case* parabolic or ellijitical angle reflectors 
ma>' be employed ; these will also illuminate 
the shop front. 

It is not recommended that these should 
be used without the assistance of some 
form of interior lighting. Exposed lamps 
should never be used for this latter service. 
F{jr inexpensive installations opal or pris- 
matic glass shades may be employed, but 
if exjioscd to view these offend against 
the s(*^ one! canon of good lighting men- 
tioned above, as do the various types ol 
opal diflusive units. The fittings should, 
as far as possible, be concealed from 
obserx’crs both inside the shop and out. 

For general illumination concealed 
window trough reflectors are very satis- 
factory and may be so wired that only one 
lighting point is required per trough 
(usually of 4 lamps). The troughs may be 


either of the intensive or extensive type, 
and may be fitted with coloured screens 
if so desired. For picking out individual 
items small floodlighting projectors, with 
150-300 W. lamps, are very effective. 

To assist in the general illumination of 
large displays or to provide the whole of 
the lighting for small windows a series of 
strip-lights or tube lamps may be em- 
ployed. These latter are obtainable in 
seven standard lengths ranging from 
I ft. to 4 ft. and ratings of 35-55 watts 
j)cr ft. respectively. See Floodlighting ; 
Lamp ; Lighting. 

SHORT CIRCUIT. An accidental low 
resistance connexion between two or more 
conductors of different voltage or between 
one conductor and earth. Also referred to 
as S.C. or short or fault. 

The term is also applied to a connexion 
made intentionally with the object of by- 
passing part of a circuit. 

Short circuits usually consist of metal 
to metal contacts between conductors 
or of incandescent arcs. In either case the 
resistance of the short circuit is about 
zero. A very heavy current, therefore, 
flows through the path j)rovided by the 
short circuit. This current is referred to as 
the short circuit current. Its value 
depends on the resistance and reactance 
of the generators, transformers and cable 
through which the current circulates. 

D.C. Short Circuit Values. In estimating 
the values of the short circuit current on 
D.C. systems the resistance only is taken 
into account. On A.C. systems the react- 
ance is taken into account and the resist- 
ance is neglected because it is very much 
smaller. 



Rated Breaking Capacity- MV AtaH^Ovdi^ 

SHORT CIRCUIT. Fig. 1 . Making and breaking cur* 
rent values at 440 volts. 
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Rated Breaking Capacit(/~Af.l/R/ot ‘I^Oii) 

SHORT CIRCUIT. Fig. 2. Electro* magnetic forces on 
low voltage breakers 
Feraunon, Patlin, Ltd. 

To calculate the value of current 
supplied to a short circuit on a D.C. system 
the combined resistance of the generators 
on load is added to the combined resist- 
ance of the lines connected to the fault, 
and the voltage of the system is divided by 
the result. 

For instance, on a 500-volt lighting 
system supplied by two generators, eacli 
having 0-2 ohm resistance, if a short 
circuit occurs at a point supplied by three 
parallel feeders each of 6 ohms resist- 
ance, the total resistance in circuit with 
the fault will be as follows : 

Two generators each 0-2 ohm :-o i ohm 

Three feeders cacJi 6*o ohms “2*o ohms 

Total —2-1 ohms 

and the short circuit current will be : 

500 volts divided by 2*1 ohms=:238 amp';. 



Fig. 3 (leftj. Effect of arc current on contacts. Fig. 4 

effects of a thor 


A.C. Short Circuit Values. In making a 
similar calculation for an A.C. system it is 
not usually convenient to use ohms, 
because the current is usually fed to the 
fault through a number of circuits each 
having a different voltage. For instance, 
if a fault occurs on the wiring of a house at 
230 volts, the current is possibly generated 
at 11,000 volts, transformed up to 33 kV 
and transmitted a long distance at this 
voltage, then transformed down again one 
or more steps to 400 volts for distribution 
to the houses. The effect of an ohm in the 
33 kV line is less than an ohm in the 400- 
volt line in the ratio of 

33 , 000 * 

It is possible to adjust the values of the 
ohms by this method, but to avoid con- 
fusion it is usual to express the reactance 
as the percentage voltage drop due to the 
passage of a given number of volt amperes 
transmitted. For instance, if a transformer 
has a reactance of 80 per cent, to 100,000 
kVA it means that if 100,000 kVA cir- 
culates through the transformer the 
voltage drop is 80 per cent. If a generator 
ot 15,000 kVA capacity has a reactance 
of 12.^ per cent, to its own full load, then 
eight times full load will give a voltage 
drop of 100 per cent. 'I'he generator will, 
therefore, supply eight times its own full 
load to a short circuit across its terminals. 
A iaiilt of this t3’j)e is called a dead short. 

To ( aiculate the short circuit supplied 
to a given point on a system the per- 



(right). Deformation of circuit breaker terminal* by the 
t circuit current. 
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SHORT CIRCUIT. Fi^. 5. Disastrous effect of oil 
circuit breaker failure on short circuit. 


centage reactances ot each part ol the 
sy.stcm mu.st be expressed as the percent- 
age reactance to the same load. On liigli 
j)ower systems tlie load chosen for this is 
100,000 kVA. For instance, if the genera- 
tor and transformer referred to above are 
connected in .series tlie total reactance is 
calculated as follows : 

Generator 12^ per cent, reactance to 15,000 k\\\ 

Keactance to 100,000 kVA 


Transformer leactancc to 

100,000 kVA = So per cent. 
Total ~ 1 03 per cent . 

If a short circuit occurs in the terminals 
of the transformer the kVA supplied is 
calculated as follows ; 

The voltage drop is loo per cent, because 
there is a dead short. 

The reactance is per cent., therefore 

100,000 kVA would give a tlieoretical voltage 
drop of 163 percent. 

The kVA for 100 per cent drop is, therefore, 

-" 0 1,000 kV.V. If the voltage at 

the tran.sformer terminals is 33 kV. 
the current is 61,000 

^_=ro7o amps. 

When a dead short circuit occurs close 
to the terminals of a generator the 
amount of current that circulates is 


enormous and there is a danger of the 
windings being torn out of their positions 
in the machine and of the connexions and 
bus-bars (q.v.) being twisted out of 
shape. For this reason the windings are 
all clamped firmly in position and the 
connexions are spaced widely apart and 
provided with strong supports. 

The circulation of the short circuit 
current also produces dangerous over- 
heating and grave danger of fire if the 
current is not quickly cut off. 


Avoidance of Short Circuits. In house 
wiring short circuits occur very frequently 
in fittings due to carelessness in stripping 
back insulation. This leads to an un- 
necessary amount of conductor being 
bared and the loose ends consequently 
come ill contact. In wiring up a fitting 
care should also be taken to secure the 
cable at the point of entry so that no 
sharp edges can cut into or chafe the in- 
sulation. Pendant fittings are usually 
provided with wooden wedges to grip the 
cable. If they are left out the metal 
part of the fitting presses on the insula- 
tion and will 
cut through it in 
time. P e n - 
d ant 1 y ]:> e , 
fittings expose 
the cables to , 
excessive heat 
and consequent 
weakening of 
the insulation. 

Tlie leads to 
portable appa- 
ratus are parti- 
cularly liable to 
damage due to 
constant pull - 
ing about and 
the insulation 
becomes weak 
near the point 
of attachment. 

If a short cir- 
cuit occurs at 
this point the g 
person using circuit breaker 
the apparatus 
may suffer from severe burns or electric 
shock. Leads on such apparatus should, 
therefore, be renewed at the first sign 
of wear. 



Example of failure of 
having inade- 
quate rupturing capacity. 
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With good modern house wiring short 
circuits in the wiring itself should never 
occur (see ^^^iring), but there is always a 
danger of a faulty switch providing a 
short circuit to earth. For this reason 
switch-covers should preferably be made 
of insulating material, such as bakelite. 

On overhead lines short circuits can 
be avoided by keeping the insulators 
clean. This does not present any serious 
difficulty, except in places exposed to salt- 
laden winds or logs that deposit carbon 
on the insulator surfaces. 

In high-voltage wiring the phases are 
separated from each other by wide s])aces 
and barriers are provided between con- 
ductors at different voltages. 

Men working close to bare conductors 
at high voltage should keep in mind the 
risk of accidental contact of long metallic 
appliances, such as steel tapes, and the 
use of such things should be avoided. 

Apart from the risk of electric shock 
(q^v,), a short circuit generates a very 
high temperature arc, and of all injuries, 
extensive burns are the most likely to 
prove fatal. See Earths imd Earthing . 
Protective Devices . Short-Circuit Current ; 
Synchronous Machine ; Tests ; Wiring. 
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SHORT-CIRCUIT CHARACTERISTIC. 

Besides load and no-load characteristics 
(q.v.), another useful alternator curve is 
obtained by running the machine at 
normal speed, and with the fields unex- 
cited, .short- 
circuiting the ' 

terminals 
through a suit- 
able ammeter. 

A small and 
gradually in- 
creasing exci- 
tation current 
is then passed 
through the 
field windings 
until the am- 
meter indicates 
the maximum 
safe current 
which can be 
passed through 
the armature coils. Plotting simultaneous 
readings of the excitation and armature 
currents respectively, on squared paper, 
gives the short-circuit characteristic. 
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SHORT-CIRCUIT CHARAC- 
TERISTIC. Fig. 1. Charac- 
teristics of a 3,000 k W. 
alternator. 


This short-circuit excitation affords a 
measure of the inductive reaction of the 
armature for the various currents con- 
sidered. Apart from the ohmic resistance, 
which in this case is practically negligible, 
the E.M.F. due to the field excitation is 
nearly balanced by the back E.M.F. due 
to the inductance of the armature under 
the particular current dealt with. 

The short-circuit excitation, therefore, 
giv^es a practical measure of the reactive 
ampere-turns of tlic armatuie lor any 




0 


N 


particular current. Considered in con- 
junction with the no-load characteristic 
(q.v), it enables us to calculate the 
voltage drop in the alternator under full 
load ; or, what is more important, to cal- 
culate the excitation required to maintain 
a constant P.D. at the terminals when the 
machine is loaded with aii}^ load which 
it can safely carry. 

The excitation required for a given 
current load is read ofl from the short- 
circuit curve. Also, the excitation neces- 
sary to give the dc.sired P.D. on the un- 
loaded machine is ascertained Irorn the 
no-load curve. These two excitations 
added together will give the main part ot 
the excitation wanted. As the no-load 
current is in quadrature with its E.M.F. 
the quantities must, however, be added 
vectorially, as shown in Fig. 2. 

For unity power factor the inductive 
reactance of the armature is in quad- 
rature with the current wliich is in step 
with the P.D. at the terminals. The 
armature reactance OE (P'ig. 2a) is, 
therefore, at riglit angles to the no-load 
excitation ON. The approximate excitei- 
tion required to give the necessary P.D. 
at the terminals is, therefore, given by NE. 
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For a power factor less than unity, the 
current in the armature lags or leads the 
E.M.F. by an angle 0, and the magnetic 
reaction on the field flux has to be taken 
into account. The line OC (Fig. 2b) is 
drawn at an angle 0 to OE, and the 
excitation measured along this line in- 
stead of OE because the inductive re- 
actance is still in quadrature with the 
armature current. The line CN now 
gives the necessary excitation and further 
investigations in this direction lead to 
a predetermination of the regulation (q.v.) 
of a machine and similar analyses. 

SHORT-CIRCUIT CURRENT. From 
the short-circuit characteristic, we can 
obtain the value of the short-circuit 
current under normal conditions of speed 
and excitation. In a machine with good 
inherent regulation (q.v.) the value of 
the short-circuit current approaches that 
of the full-load current. 

In practice, however, when an alter- 
nator is short-circuited, there is an initial 
rush oi current tar higher than the final 
short-circuit current, and both the tran- 
sient and j)ennanent portions of the short- 
circuit current must be considered. The 
latter can ea.sily be calculated, as shown 
above, but the former takes the form of 
a powerful surge ot a more or less tran- 
sitory nature. It is this surge ot current 
which IS liable to cause considerable 
damage to windings and insulation, and 
the involved nature of the calculations 
concerned in its estimation render it 
peculiarly diflicult to reach a definite 
and conclusive figure. In complicated 
systems, models of the lay-out have been 
constructed and the current values 
attained found by actual te.st, and this 
method seems as good as any other. The 
effects of short-circuit currents are dis- 
cussed under Alternator ; Faults ; Short 
Circuit, etc. 

SHORT-CIRCUITED ROTOR. See 

Squirrel-Cage Motor. 

SHORT-CIRCUITING DEVICE. A 

means by which a circuit, or apparatus 
forming a part of a circuit, may be cut out 
or prevented from performing its usual 
function in the circuit. There are numer- 
ous applications of short-circuiting devices 
employed in electrical work, but as a rule 
they depend upon the current choosing 
the path of lesser resistance. For this 


reason it is important to ensure that the 
conductor forming the short-circuiting 
device has a minimum of resistance, which 
must in any case be considerably lower 
than that part of a circuit it is desired to 
short. 

A common application of a short- 
circuiting devdee is in connexion with the 
majority oi motor starters where direct 
current is used. An electro-magnet is 
.situated in the starter, and retains the 
switch arm by virtue of its magnetic 
influence over the latter. 

Another electro-magnet fitted to the 
starter has an armature to which are 
attached contact pieces. When the load 
of the motor increases beyond a point 
consistent with its safety, the armature 
bearing the contact pieces is raised and 
short-circuits the magnet retaining the 
switch arm. As the arm is spring loaded, 
it flies back and the motor is stopped. A 
somewhat similar device is often used 
with dynamos used for charging accumu- 
lators and other purposes, and it is im- 
portant to see that the device is function- 
ing correctly, as the contacts tend to 
become dirty, and if thev fail to operate 
considerable damage may be done to the 
plant or accumulators. 

For starting alternating-current motors 
a short-circuiting device is often incor- 
porated within the rotor. The slip- 
rings are short-circuited on attaining 
speed and the brushes can then be rai.sed, 
enabling the machine to run as a purely 
inducti\'e motor. The device, in this ca.se, 
may be automatic or operated by hand, 
various methods being a\'ailable such as a 
floating collar on the shaft, centrifugal 
devices, etc. See further under Cut-Out ; 
Induction Motor ; Starter, etc. 

SHORT-TYPE COIL. In the barrel- 
type winding (q.v.), the end connexions 
are laid on a cylindrical surface. This 
considerably extends the axial length, 
and in cases where space is limited the 
short-type coil method of w'inding is 
therefore adopted. This consists in bend- 
ing the end connexions round against the 
end of the core to form, as it were, a bind- 
ing to the core sides. This gives consider- 
able saving in space, but is slightly more 
complicated than the barrel- type. 

SHORT WAVE. Aerial; Ultra- 

Short Wave. 
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SHUNT (Shunt Circuit, Shunt Winding, 
and Shunt Coil). Terms involving the 
word “ shunt ” are numerous and the 
word has somewhat different shades of 
meaning. In the following definitions, 
therefore, as many cases of usage are 
covered as are reasonable, and important 
exceptions mentioned, while some special 
applications of the term are considered 
later. 

When two conducting paths are con- 
nected in parallel, the current splits up 
between them, and part flows througli 
each. The path of liiglier resistance, 
through which the smaller part of the cur- 
rent flows, is called the “ shunt circuit." 
This name is usually given when the ratio 
of the currents in the two paths is large, 
an exception being made in the case of 
current -measuring instruments. In that 
case the part of the circuit in parallel 
with the instrument coil is called the shunt * 
circuit, irrespective of current \'alues, 
and when it consists of a single resistance 
only, this resistance is called a " shunt." 
When a shunt circuit consists of two or 
more coils in .series and the coils arc used 
for producing a magnetic field, the 
circuit is spoken of as a " shunt winding," 
while a single coil is spoken of as a " shunt 
coil." 


Shunt 


Vo/U I 

Cot! 


The Instrument Shunt. As slated above, 
this term is used mainly in instrument 
work. Its function is to divert part of the 
current from the instrument, but the 
current flowing 
through the in- 
strument is a 
fixed fraction 
of the total 
current in the 
instrument and 
shunt circuits, 
so that by in- 
dicating this 
indicates the 


Supply 


IqQ y — ^ 

Current 

Cot! 


Load 


SHUNT. A wattmeter or 
watt-hour meter circuit. 


fraction the instrument 
total current to scale. In 
accurate measurements by bridge methods 
it is sometimes necessary to have a com- 
paratively insensitive instrument for mak- 
ing preliminary adjustments, but a more 
sensitive one as balance is reached. A 
sensitive instrument can be made insensi- 
tive so that it will indicate larger currents 
without suffering damage, by placing a 
variable shunt across it, the shunt being 
t^ken out of circuit when required. 


A special type of shunt, known as a 
" Universal Shunt," is usually used for. 
this. Its .special advantage is that it can 
be used to give certain ranges of sensi- 
tivity, fixed by the shunt itself, no matter 
wiiat may be the resistance of the galva- 
nometer to which it is connected. When 
a galvanometer is used for measuring 
small currents it is sometimes more con- 
venient to make the instrument direct 
reading, or at least to liave a scale factor 
which can easily be used. This can often 
be achieved by shunting the instrument 
with a resistance many times its own 
value. The same method is often used on 
voliineters for scale correction where 
the instrument is adjusted by shunting 
the coil with a high resistance {see further 
under Shunt Box). 

A shunt is used on all moving-coil 
ammeters and in the current circuit of 
D C. wattmeters and watt-hour meters 
for higher current instruments. Here 
the shunt carries much the greater 
part of the current to be measured, only 
a fraction passing through the instrument 
coil. In this case, although the instru- 
ment strictly forms a shunt circuit to the 
shunt, this term is never used. " Shunt 
circuit " ill this connexion is used to indi- 
cate the part of the circuit in which the 
shunt is connected, and the instrument 
branch is distinguished by being called 
the " potential circuit." 

In wattmeters the possibility of con- 
fu'^ion is even greater. Referring to the 
diagram, it is seen that the circuit con- 
taining the volts coil is in parallel with the 
load, and so forms a shunt circuit. 

A shunt is in use lor measuring the 
current so that to avoid confusion the 
terms " pressure circuit " and " current 
circuit " are used to indicate the two 
parts of the instrument connected between 
the pressure and current terminals. This 
also applies to watt-hour meters, and 
relays with wattmeter movements. 

Shunt Coil. In arc-lamps with auto- 
matic carbon feeding the carbons have a 
coil connected in series with them and 
one connected across the arc, this latter 
being called a " shunt coil." The series 
coil tends to open the carbons and the 
shunt coil to close them, and the mechan- 
ism is so adjusted that the forces due to 
the two coils just balance when the arc 
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is running at the correct value ol 
current at the correct arc length. / ea/m \ 

This term is sometimes used in I 

place of “ volts coil ’’ to distinguish shunt box. f**. i (left), 

the coil in the pressure circuit of a ^ connexions of ordinary box. 

wattmeter, etc., from the current * 

or series coil. In the same way 
the two coils on the pole of a 
compound generator or motor are 
distinguished by tlie names shunt 
coil " and “ scries coil.” The former 
is part of the shunt circuit, wliile 
the latter carries all or part of the 
main current. 

Shunt Winding. The application 
of this term is limited to denote 
the part of tlie shunt circuit formed 
by the field coils on a shunt- or 
compound-wound machine. When reier- galvanometer is wound. Otherwise the 
ring to machines of these types ” shunt ratio of the resistances of the two would 
circuit ” is used to denote the circuit change with the temperature, and the 
consisting of field winding regulating re- multiplying power of the shunt depend on 
.sistance, and no- volt coil. See Circuit ; the temperature holding at the moment 
Compound Wound ; l\arallcl Connexion; of measurement. 

Series Coil ; Shunt-Wound Generator. The condition that each galvanometer 

SHUNT BOX. The circumstances under has to have its own box of shunts wound 



which it becomes necessary to use a shunt 
on a galvanometer, and the princijfics 
underlying the use of shunts, are explained 
under Shunt (g.v.). The necessity ari.ses 
more frequently when using sensitive 
galvanometers than with less scnsiti\'e 
instruments, though the method i^ applic- 
able to any galvanometer. For the 
former, however, it is customary to wind 
special coils and ])lacc them in resistance 
boxes, which should always accom])any 
the galvanometer for which they arc 
wound. The reason for this is that the 
effect of a shunt of a certain resistance 
depends on the resistance of the galvano- 
meter with which it is u.sed. For if the 
resistance of the shunt be Jth of the 
resistance of the galvanometer, the total 
current in the main circuit is « -f- i times 
the current measured by the galvanometer. 
This number n-\~ i is known as the multi- 
plying power of the shunt. 

In constructing such resistance boxes 
the fact that the resistance of metals 
varies with the temperature, and that 
different metals have different tempera- 
ture coefficients, must be taken into 
account. This renders it necessary that 
the wire in the shunt box should be of the 
same material as the wire with which the 


specially lor it is both expensive and 
irksome in practice. Also the fact that 
diflcrent lengths of wire are employed in 
tlie various shunts means that the tempera- 
ture variation does affect the multiplying 
ratio to some extent. To overcome this 
.special resistance alloys with constant 
temperature coefficients are employed, and 
the former difficulty has been overcome by 
means of the universal shunt. 

To understand this we must revert to 
basic principles. If G and S be re.sistances 
of galvanometer and shunt respectively, 
and the latter be Jth of the former, 

S =- and « = - 
ft S 

whence the multiplying power 


The universal shunt box is so designed 
that the numerator of this fraction (G-f S) 
is kept constant, in which case the 
multiplying power varies inversely as S. 

Inspection of Fig. 2 will show that in 
whichever hole the plug be placed the 
numerator of the multiplying fraction will 
be G-f- Sa “b Sb -f- Sc -f Sp, and the 
denominator consist of the coils on the 
left-hand side of the plug. For instance, 
if the plug be inserted in hole No. 3, the 
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current divides at X and the galvano- 
meter section passes through the galvano- 
meter to Y and then through coils So 
and So : the shunt section passes through 
coils and Sb, and the two sections unite 
at the plug No. 3, and pass together 
to the terminal M. The resistance of 
the galvanometer section is, therefore, 
G Sc + Sb and of the shunt + Sr 
giving the multiplying power 

G+,Sa + SbH-Sc + Sd 
_ Sa + Sb 

The arrangement is most sensitive when 
the plug is in hole No. i, and the relative 
resistances Sa, Sb, etc., are so arranged 
as to give convenient integral multi- 
plying powers when the plug is in either 
of the holes 2, 3, or 4. 

When a gah’anometer is shunted the 
resistance of the complete circuit is obvi- 
ously decreased. This change will aflect 
the v’alue of the main current unless a 
compensating resistance is introduced into 
the main circuit. Shunt boxes can be 
arranged to do this and are then known 
as constant-current shunt boxes. 

SHUNT CHARACTERISTIC. In a 
similar manner to the series characteristic 
(q.v.) obtained with scries- wound machines, 
curv'es may be obtained in connexion 
with shunt-wound machines. It is usual 
to plot a curve known as the magnetiza- 
tion curV'C and one called the external 
characteristic, the first being the no-load 
curve iq.v.), and the latter the load 
characteristic. The magnetization curve 
affords a direct measurement of the flux 
threading the armature and the slope is an 
indication of the relativ^e reluctances ol 
air-gap and iron, since, if the former is 
unduly high, the slope will be less steep 
than it should be, and the cur\'c will not 
bend into a more horizontal direction 
until the exciting current has reached an 
unduly high value. 

The external or load characteristic is 
obtained just as with a series machine, 
terminal voltage being plotted vertically 
at a constant speed, against varying cur- 
rent in the external circuit, plotted 
horizontally. The external characteristic 
is the. antithesis of that of the series 
machine, Vnd rises to its maximum voltage 
on open \circuit. On the circuit being 
closed through a high and gradually 
decreasing resistance, the curve is at first 


a straight line with a slight downward 
slope, which, as the resistance continues 
to decrease, increases until in an old type 
of machine the curve turns round and 
comes back to the origin in an almost 
straight line. With a modern design, 
however, the current required to obtain 
readings at the bend of the curve is 
beyond the limits of the machine, since 
designers always work on the initial 
straight part of the curve. See Falling 
Chariict eristic ; No-Load Characteristic. 

SHUNT-CONDUCTION MOTOR. A class 
of A.C. commutator motor having charac- 
teristics similar to those of the shunt 
!).('. motor. It differs from the shunt- 
induction motor in constructional 

details and in that the stator winding is 
connected to the armature electrically. 
The two types of machine are theoreti- 
cally identical. The distinctive features 
ol all tynes of A.C. shunt machines are 
the two sets of brushes, one set being 
clectricalh' at right angles to the other. 



SHUNT-CONDUCTION MOTOR : (4) one brushset 

connected through an inductance for speed regula* 
tion ; (B) starting as a compensated repulsion 

motor ; (C) resistance R cut out. 

In the conduction motor the main stator 
winding is connected across the supply 
and to the brushes which are coaxial 
with this winding. The other brush set 
is short-circuited on itsell or through a 
regulating inductance, or capacity, these 
latter connexions being employed for 
sjiecd regulation (Fig. ia). 

A.C. .shunt motors have no starting 
torque. To overcome this drawback they 
may be started as a compensated repul- 
sion motor by connecting as shown in 
Fig. IB, and then be connected as a shunt- 
conduction motor when uj) to by gradually 
cutting out resistance R until the starter 
is in the second position (Fig. ic). 

SHUNT EXCITATION. In a shunt 
excited machine, the field coils are con- 
nected to the main terminals, being in 


1088 



SHUNT^INDUCTION MOTOR 


parallel with the armature winding itself. 
The falling voltage at the terminals 
lowers the shunt current in proportion. 
On short circuit the terminal voltage and 
the field current are zero, and the maxi- 
mum no-load voltage depends on the 
resistance in the field circuit. The arma- 
ture resistance causes a voltage drop 
which lowers terminal voltage by 1^ R^. 
where Ia and Ra are armature current 
and resistance. See further under Falling 
Characteristic ; Shunt Characteristic ; 
Shunt-Wound Generator, etc. 

SHUNT-INDUCTION MOTOR. A class 
of A.C. commutator motor having operat- 
ing characteristics similar to those of tlie 
D.C. shunt motor [i.e. approximately con- 
stant speed at all loads), but wliich differs 
from the D.C. machine considerably in 
construction. Fig. i {a) shows the 
electrical connexions of the bipolar shunt- 
induction motor, wliich should be com- 
pared with those of the D.C. shunt motor. 
Fig. I {h). The shunt-induction motor has 
a distributed field w'inding mounted in a 
slotted stator. This winding is not 
connected in parallel with the armature, 
as is the case in the D.C. machine, nor is 
there any electrical connexion between 
the field or stator winding ; the field 
acting on the armature inductively. 

In common with all A.C. motors, the 
field .system is laminated to prevent 
excessive eddy current losses. In addition, 
the machine has a wound armature, a 
commutator, and two sets of brushes. 
One pair has the same electrical axis as 
the stator winding, and the other is set at 
right angles to the first. Both pairs are 
shoit-circuited on themselves. This second 
pair of brushes forms the chief peculiarity 
of the shunt type of A.C. commutator 
machine, and distinguishes it from the 
repulsion motor [q.v.). The reason for 
this second pair of brushes in the case of 
a bipolar machine (in multipolar machines 
there are two sets of short-circuited 
brushes, each consisting of half as many 
brush-pairs as there are poles, adjacent 
brushes being set at 90 electrical degrees 
apart), and the reason why the D.C. 
shunt connexion is unsuitable for operating 
off A.C., arc as follows. 

If a machine having the connexions 
shown in Fig. i (b), even though otherwise 
corresponding to the general construction 


of an A.C. motor, is connected across an 
A.C. supply, the field current and conse- 
quently the stator flux will lag behind the 
terminal voltage by almost 90°, whereas 
the armature current will be closer to the 
terminal voltage in phase, and will come 
more and more into phase with this 
voltage as the motor speeds up. That 
is, the armature current of such a machine 
will be practically in quadrature with the 
flux, and the torque will be negligible, as 
this is proportional to product of the 
armature current, flux, and the cosine of 
the difference in ])hase angle between them. 

To keep the flu.x and current in phase 
the field must be sup])lied by a voltage 
which leads the line voltage by ; on a 
single-phase machine, the only way ol 
doing this is the method suggested by 
L. B. Atkinson : namely, to employ a 
second pair of brushes arranged on the 
commutator at right angles to the load 
brushes which carry the main current. The 
E.M.F. of rotation induced in this latter 
pair of brushes by the primary flux will 
then lead the line E.M.F. by 90®, and 
produce the type of field required. (Creedy, 
“Single-Phase Commutator Motors.") 

The speed of the shunt-induction motor 
may be varied by methods which are 
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SHUNT- INDUCTION MOTOR. Fig. 1 {a). Connexions 
of Atkinson S.l. motor. Fig. 1 (6). D.C. shunt motor 
for comparison. Fig. 2. Creedy S.l motor arranged for 
variable voltage control. 


analogous to those used for the corre- 
sponding D.C. machine ; by variable 
voltage control and by adjusting the field 
excitation. Trie first may be accomplished 
by feeding an additional voltage into the 
armature through the brushes which are 
coaxial with the stator windings through 
a transformer or by similar means (Fig. 2). 
The rotor will speed up until the additional 
E.M.F. of rotation balances the increased 
voltage. Increasing the applied stator 
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Fie. 3 Fig. 4 


SHUNT-INDUCTION MOTOR. Fig 3. Arranged for speed control 
by means of variable inductance. Fig. 4. Speed control by centre- 
tapped auxiliary coil. 


SHUNT MOTOR (D.C.). This 
motor has its field excited by con- 
necting the coils across the mains in 
parallel with the armature, so that 
field current depends on mains volt- 
age dnly. Thus, when the motor is 
loaded, a larger current will be 
taken by the armature, and there 
will be an increased voltage loss in 
the armature due to its resistance. 
The back E.M.F. generated will 
therefore fall, and las the field 
excitation is independent of the 
armature, the only way that this 


voltage does not, as might at first sight be can happen is by the speed falling. 


expected, produce the same result. To The amount by which the speed will fall 
vary the field strength, an inductance or will depend on the loss in the armature, and 
capacity is connected across the brushes as the aim is always to design a machine 
which give rise to the effective flux, that to be as efficient as possible, and this loss 


is, across the brushes which are at right is usually small, the speed of a shunt 


angles to the stator field. The introduc- motor decreases but slightly over the 
tion of inductance into this circuit will tend normal range of loads. As the field tends 


to increase the speed (Fig. 3), whereas to he weakened by armature reaction this 
increase in capacity will lower the speed, exerts a slight comf)cnsating effect which 
A third method of speed control, which tends to raise the speed, 
has no precise analogy in the case of D.C. The shunt motor can therefore be used 
machines, is to connect a second winding, for any drive in which a very nearly 


90° out of phase with the first, across the constant speed is required. Such applica- 
secondary brushes. This will cither tions are to machine tools, some drives 
strengthen or weaken the flux according in printing presses, spinning frames, looms, 
to the relative direction of current flow and to the driving of generators in motor- 


in this field winding, and whether the 
M.M.F. of this coil opposes or assists the 
rotor ampere-turns (Greedy). This effect 
can be easily obtained by connecting one 
of the exciting brushes to a centre tap 
on the auxiliary coil and making the other 
a movable connexion. 

The shunt-induction motor has, like the 
single-phase induction motor, no starting 
torque ; and the fact that the machine 
requires a commutator and has a poor 
power factor and low efficiency explains 
why it has not found wider application. 

By employing a shunt-conduction 
motor {q.v.), which theoretically is identical 
with the shunt-induction motor, and 
switching it on to the supply as a repulsion 
motor, and switching over to shunt 
conditions as soon as the machine has 
attained sufficient speed, starting difficul- 
ties may be overcome. By employing a 
centre-tapped speed regulating coil (Fig 4), 
speed and power factor can also be im- 
proved. See Commutator Motor ; Repulsion 
Motor ; Single-Phase Motor. 


generator sets. 

Starting and Speed Control. When the 
motor is at standstill, no back E.M.F. is 
generated in the armature, so that if it were 
connected direct to the mains, the current 
taken, depending only on the armature 
resistance, which is usually small, would 
be very large. Except on the very smallest 
machines, therefore, a resistance must be 
placed in scries with the armature on 
starting, until the machine has run up to 
speed, the resistance being gradually cut 
out as the speed rises. Speed can be 
controlled by resistance in the armature, 
but this is very uneconomical and the 
speed varies greatly with the load. The 
usual method is to have a variable resist- 
ance in the field circuit, and increase the 
speed by decreasing the field current. The 
maximum range that can be practically 
obtained in this way is about a six to one 
variation. Due to the effects of armature 
reaction being large relative to the weak 
field at high speed, the machine becomes 
unstable and tends to race. 
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Shunt motors above about 5 h.p. are 
usually fitted with interpoles, and they 
are essential to ensure proper commuta- 
tion where a fairly wide range of speeds 
is required, even on smaller machines. 
Reversal of rotation is obtained by 
reversing either the armature or the field 
connexions, but changing over the mains 
will not reverse rotation. 

Should a shunt motor start up in the 
reverse direction and race, it indicates that 
there is a break in the field circuit, and the 
rotation is due to the magnetization of 
the poles produced by armature reaction. 
See Compound Generator ; Compound 
Wound ; Direct Current ; Series Motor. 

SHUNT REGULATOR (Regulating 
Resistance or Rheostat). An economical, 
and very often not inconvenient, method 
of controlling the voltage of a shunt or 
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SHUNT REGULATOR. Fig. 1. Regulation by re- 
sistance m the shunt circuit. 



Fig 2 



the whole of the resistance is in the 
circuit, the arrangement being shown 
diagrammatically in Fig. i, but with the 
movable arm a on stud i. As the load 
increases the tendency of the P.D. at the 
terminals to fall can be counteracted by 
moving a successively on to studs 2, 3, 4, 
5, etc., thus reducing the resistance in the 
exciting circuit and increasing the excita- 
tion as expressed in ampere-turns. 

The resistance must be so constructed 
that it will carry the full exciting current 
without overheating, and the resistance 
elements are therefore spirals of nickel- 
copper or some other low temperature 
coefficient alloy supported on grooved 
porcelain formers with anchorages at top 
and bottom of each groove, as shown in 
Fig. 3. For details of automatic shunt 
regulators sec Starters ; Voltage Regula- 
tors, tic.: also Lift (Electric). 

SHUNT WINDING. See Shunt-Wound 
Generator. 

SHUNT- WOUND GENERATOR. When 

the field excitation in a generator is pro- 
duced by one winding only, and this is 
connected in parallel with the load, the 
generator is said to be shunt wound. The 
current taken by the field winding of a 
given machine is determined by the 
voltage given out by the armature. The 
field coils are designed so that when the 
machine is running at its rated speed, the 
voltage generated in the armature will 
send a current through the field winding 
sufficient to produce the ampere-turns 
necessary to give the flux which will pro- 
duce this voltage. 

It can be seen that when a generator is 
started up, as it starts rotating no current 



Fig. 2. Front of board 
type. 



Fig. 3. Resistance 
elements for Fig. 2. 
Courtesu Wni. Ocpel, Ltd 




is flowing in the field winding, 
so that any voltage generated 
must be due to the armature 
conductors cutting the lines of 
force of the remanent magnetism 
in the field. The voltage gener- 
ated in the armature in this 
way causes a small current to 


' * ‘ ■ flow in the field winding, and 

compound-wound generator, or the speed this produces a slightly greater magneti- 
of a shunt motor, is to introduce a variable zation of the field system. This in turn 
resistance into the exciting circuit. The produces a higher voltage in the armature, 
added resistance need only amount to a causing more current to flow in the field 
small percentage of the total output and coils, and so the voltage rises. This process 
the energy loss is inconsiderable. For the is caJlfed " building-up,” and due to the 
lower limit of the voltage or for no load, inductance of the field winding it takes 
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SHUNT-WOUND GENERATOR. 
Fig. 1. Characteristics of oper- 
ation. 


quite a measurable time, from a few 
seconds in a small machine to a minute 
or more in a large one. 

When a shunt generator is loaded, some 
of the E.M.F. generated is used in forcing 
the current through the armature (arma- 
ture lost volts " or “ I R drop so that 
the P.D. across the brushes will fall. 
This drop causes the current in the field 
to drop, with the result that the E.M.F. 
generated becomes less. Thus a cumu- 
lative action, which is the converse of 
“ building-up,'' goes on, and the voltage 
drops as the load increases. 

A machine which is driven at constant 
speed and which has the held resistance 
kept constant has a characteristic which 
falls with in- 
creasing load, 
and the drop at 
full load will 
usually be but 
a few per cent, 
of the open- 
circuit voltage. 

If the machine 
is overloaded, 
the voltage 
begins to fall rapidly. (It should be noted 
that the only method of loading a generator 
under the conditions stated is by decreasing 
the value of the resistance of the load.) A 
stage is then reached at which a further 
decrease in load resistance produces such 
a drop in voltage that the net result is to 
make the current taken fall instead of 
rise. Eventually the resistance across the 
machine can be made zero, i.e. the 
machine can be short-circuited and no 
voltage will appear at the terminals, 
although a current will flow, due to the 
E.M.F. of the remanent magnetism. 

If the load resistance is now increased 
again the current will increase up to a 
point and then decrease, the voltage 
finally reaching the original open-circuit 
value when the load is completely dis- 
connected. This " unloading " curve will 
not follow the “ loading " curve, and the 
general shape of the " load characteristic," 
as the curve connecting " load current " 
and " termina' volts " is called, is shown. 

The practical significance ol this char- 
acteristic of a .shunt generator is that the 
machine cannot be much overloaded and 
can be short-circuited without damage. 


provided the short circuit is not applied 
suddenly. This normally occurs if the 
insulation of a cable tails, as the fault 
current is at first of low value, burning 
the insulation away gradually. 

Voltage Regulation. Three methods of 
varying the voltage generated arc possible : 

(i) by varying the speed of the generator ; 

(ii) by varying the field current by means 
of a rheostat in series with the field wind- 
ing ; (iii) by means of a third brush 
making use of the effects of armature 
reaction. The first method is seldom 
used, as the engine or motor driving the 
generator is usually designed for eco- 
nomical of)eration at one speed only, so 
the second is the one usually found in 
practice, while the third is mostly used on 
small battery charging dynamos on auto- 
mobiles and trains. The voltage control 
can be manual, or remote controlled by 
means of push-buttons operating a motor- 
driven rheostat, while an automatic 
voltage regulator is sometimes used on 
larger machines. The range that the field 
rheostat covers must be such that the 
lowest \T)ltage required can be obtained 
when the machine is cold, as the resistance 
of the field coils increases by about one- 
third as the machine heats up. 

Applications. \Mien only a lighting 
load is to be supplied a shunt generator 
is used in p)refcrence to a compounded 
one, as it is important that the voltage 
applied to lamps should not exceed that 

for which they are 

_ rated. The only 
machine which can 
be used satisfactorily 
tor battery charging 
is 1 shunt-wound type, 
as in this case the resist- 
ance of the load is low, 
and the greater part of 
the generator voltage is 
used in balancing the 
battery E.M.F. A very 
slight change in the gen- 
erator voltage will pro- 
duce a large change in 
charging current, while 
the voltage variations 
are so slow and regular 
that manual control is 
usually satisfactory. A shunt generator 
can be used to supply any load which 



Fig. 2. Compound- 
wound mach i ne 
showing shunt wind- 
ing and equalizing 
switch and bus-bar 
(at top). 
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does not fluctuate rapidly and where there 
are means of regulating the voltage. 

Faults. Failure to Excite. Resistance 
in the field circuit too high to allow the 
machine to build up. 

After a suddenly applied short circuit 
the polarity may reverse, or the remanent 
magnetism be destroyed. The held wind- 
ing must be connected to some separate 
source of supply to restore the remanent 
magnetism, or in the case of reversal, the 
field connexions can be reversed. 

In the case of a small generator, a badly 
bedded brush may provide sufficient 
resistance to prevent building up, or if a 
generator is started up with a load con- 
nected, the low external resistance this 
represents may stop building up. 

Unsteady Current and Sparking. These 
may be caused by badly bedded brushes 
or wrong brush setting, bad condition of 
commutator, such as high mica, carbon 
dust in the space between bars, or loose 
bars. See Charging ; Compound-Wound 
Generator ; Generating Sets ; Shunt. 

SIDE BANDS. A modulated high- 
frequency carrier wave as used in radio- 
telephony is in every respect equivalent 
to the sum of the unmodulated carrier 
wave and a number of other unmodulated 
or constant-amplitude II. F. waves, each 
with a frequency different from that of 
the carrier. The frequency difference is in 
each case that of a corresponding note 
frequency in the modulated wave and 
the bands of high frequencies involved 
on each side of the carrier frequency are 
known as side bands. 

Consider a high-frequency wave modu- 
lated so that its amplitude varies about 
the mean value according to a sine 
law at an acoustic frequency in the 
manner shown by curve [a) in Fig. i. 
Let A denote the amplitude of the un- 
modulated carrier and B the maximum 
degree of low-frequency variation from 
this value. Then the equation to the 
modulated wave is 

i = (A -f B cos 27 rF/) sin 2»r/f, 
where / is carrier frequency and F is the 
audio-frequency. By trigonometry this 
expression is identically the same as 
» = sin 2T{j~ F)/ + A sin 2irft + iB sin 2v 

which IS the sum of three H.F. waves ol 



SIDE BANDS. Ftg. 1. The modulated wave (r?) is 
equivalent to the sum of the H.F. waves (6), (c) and (d). 

constant amplitude, the centre one being 
the carrier wave itself. These waves are 
shown at ( 6 ), (c) and [d] respectively in 
Fig. I, where (c) is the carrier wave of 
frequency /. The other two waves, (h) and 
(d), have frequencies /— F and /+F 
respectively on either side of the carrier 
frequency. They are for this reason called 
side frequencies. 

Thus, a carrier wave modulated at a 
single low frequency is equivalent to 
the sum of the unmodulated carrier 
wave, and a pair of side- frequency weaves 
with frequencies above and below that 
of the carrier by a number of cycles per 
second equal to the L.F. modulation. In 
a normal transmission W'here the w^hole 
range of low frequencies is present, say 
up to 5,000 c.p.s., there will be a band 
of side frequencies on each side of the 
carrier frequency, the total band width 
occupied being lo kilocycles. Side bands 
in relation to tuned circuits are considered 
under Selectivity. See Band-Pass Filter ; 
Modulation ; also Carrier Wave. 

SIGNAL STRENGTH (in Wireless 
Telephony). There are two separate and 
distinct w^ays in which the term “ signal 
strength is applied in radio w^ork : (A) 
to denote the intensity of the ether waves 
in the vicinity of a receiving aerial, and (B) 
to denote the alternating voltage at the 
grid of a valve in a receiving set. These 
are dealt with separately. 

Signal Strength of Ether Waves. The 
intensity of the radiation from a transmit- 
ting aerial varies with distance in a some- 
what irregular manner, depending on the 
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location of the transmitter, t,g. whether 
on land or sea, and, in the former case, 
on the nature of the land, for instance, 
whether fiat or mountainous. Then, 
again, the variation of signal intensity 
at any given spot Is a function of 
the frequency or wavelength (sec Skip 
Distance). 



At^atobe 

/Uuminated 






SIGN AND POSTER LIGHTING. Fig. 1. Mount 
ing dimensions for elliptical angle reflectors. 

Iteu}aniin t . lectric . Ltd . 

The signal strength is expressed usually s 
in millivolts per metre. This is the voltage a 
induced by the ether waves in one metre t 
length of vertical aerial. In testing the 1 
suitability of a site for a new transmitting t 
station a temporary or portable trans- n 
mitter is operated at the spot and mca.sure- n 
ments are made by means of a calibrated (i 
receiver to ascertain the lines of equal a 
signal strength in the surrounding districts t 
and so to enable a topographic map to be p 
drawn. 1; 

Signal Strength at Valve Grid. In a r 
valve receiver the high-frequency voltage, b 
due to the unmodulated carrier wave, n 
applied to the grid of a particular valve is a 
referred to as the signal strength at that ^ 
valve. It is expressed cither in K.M.S. i 

value or as voltage amplitude. In the 
latter case it is sometimes called the 
signal amplitude. Double the amplitude 
of voltage at the grid of a valve is some- — 
times called the “ grid swing.” ^ 

In a receiver it is important that the v 
signal strength at the grid of the detector 
should be adequate to operate the latter “ 
efficiently and for this reason the signal 
strength at the detector is referred to more 
frequently than at any other points in 
the receiver. 

L.F. Signal Strength. The term signal 
strength is also applied to low-frequency _ 


Fig. 2. Relative dimensions for 
■ ■ specular floodlights as given in Table 2. 

heniaviin Elrctrir , Ltd 

^ ^ circuits. As the low-frequency 

voltage variations are pro- 
portional to the depth of 
modulation of the carrier wave 
f the L.F. signal strength must 
\ necessarily be expressed at either 

( average or maximum percentage 

( modulation. 

SIGN AND POSTER LIGHT- 
ING. It is now recognized that if 
posters and vitreous enamelled 
signs are satisfactorily illuminated their 
advertising value may be greater during 
the hours of darkness than in daylight. 
To secure good results it is necessary 
to employ suitable reflectors, and to 
mount them m the f)ositions recom- 
mended by the manulacturers. For small 
(up to 10 ft.) signs ” angle ” reflectors 
arc recommended. At the present time 
the elliptical angle reflector is the most 
popular type, having, for this purpose, 
largely superseded the earlier parabolic 
reflector. The mounting dimensions are 
based on the poster height, those recom- 
mended by a manufacturer of elliptical 
angle reflectors being shown in Fig. i. 
More complete details are given in Table 
I. If these values are taken, the average 

Sign and Poster Lighting. Table i 



Elliptical 

\ngle 



Lamp 

Height of 

Distance 

Spacing 

Height 

Watts 

Poster 

Out 

From 

ends 

Apart 

above 

top 


ft. in 

ft. m. 

ft. in. 

ft. in 

ft. in. 

Go 

3 0 

3 0 

2 3 

4 6 

0 9 

lOO 

4 0 

4 0 

3 0 

6 0 

I 0 

150 

5 0 

5 0 

3 9 

7 6 

I 3 

200 

6 0 

6 0 

4 6 

9 0 

1 6 

300 

7 6 

7 6 

5 7 

II 3 

J 9 

500 

10 0 

10 0 

7 6 

15 0 

2 6 
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Table 2. Mounting Data for Lighting Vertical and Horizontal Surfaces (Specular Floods) 


Dimensions (see Letters on 
Diagram) 

f Illumination (Foot-Candles) 

General Service Lamps 

Floodlight Lamps 

A. 

B 


C. 

D 

100 w. 

150 w 

200 w. 

300 w. 

100 w. 

250 w. 

500 w 

ft. 

ft. 

m 

ft 

in. 

ft. 

in. 





46 



6 

1 

9 

2 

6 

I 

0 

44 

72 

100 

— 

— 

— 

8 

2 

3 

3 

0 

1 

3 

27 

45 

62 

100 

28 

87 

— 

10 

2 

9 

3 

9 

1 

0 

19 

32 

44 

70 

21 

62 

— 

12 

3 

6 

4 

6 

2 

0 

10 

17 

23 

37 

10 

32 

72 

15 

4 

3 

5 

6 

2 

9 

7 

12 

17 

28 

7 

23 

52 

20 

5 

9 

7 

6 

3 

9 

4 

65 

10 

15 

4*5 

13 

30 

25 

7 

0 

9 

3 

4 

6 

2‘5 

4*5 

^>•5 

10 

3 

8*5 

19 

30 

8 

6 

11 

3 

5 

6 

— 

3 

4*5 

f>-5 

2 

6 

13 

35 

10 

0 

13 

3 

6 

6 



3*5 

5 


4*5 

9*5 


intensity of illumination over the poster 
will be 10 foot-candles. 

For si^ns exceeding ten feet in height 
the projection necessary to secure even 
illumination with the above type of 
reflector becomes excessive, and it is 
advisable to employ “ specular " floods 
(Fig. 2). Recommended mounting heights 
are given in Table 2. See Lighting. 

SIGNS (Electric). There are, at the 
present time, so many forms of electric 
signs on the market, some of them 
extremely ingenious that it is impossible 
to describe them all 111 a short space. 

In one of the earliest forms which, in 
spite of the inroads of “ neon signs, even 
now, with certain adaptations, gives most 
satisfactory results, the letters or char- 
acters are outlined with incandescent 
lamps. Although the letters on which the 
lamps are mounted may be of flatwood 
or metal battens, hollow metal troughs 
painted inside with glossy paint, vitreous 
enamel or chromium plate arc to be 
preferred. The lamps are spaced evenly 
in one or more rows along the base of the 
trough, and by a judicious choice of lamps 
and spacings the light from individual 
lamps may be blended so that at a 
distance the lines of light appear to be 
continuous. Rain or snow should not be 
allowed to fall on the lamp)s w'hile they arc 
running, becau.se gasfilled lamps, espreci- 
ally coloured ones, become extremely hot 
and may crack unless suitably protected. 

Such signs may be made to blink by 
employing them in conjunction with 
“ flashers,"' and colour changes can be 
effected in a similar manner. For large 
signs the current which has to be broken 


by the flasher when each letter is composed 
of a number of lamps becomes consider- 
able, and by employing a spun metal 
letter designed as a reflector it is often pos- 
sible. even with large letters, to obtain 
sufficient illumination with one lamp 
mounted centrally, with con.sequent reduc- 
tion in the cost of lamps and .size of flasher 
required. A flasher may also be used in 
conjunction with a number of open lamps 
mounted in the form of a large rectangle to 
spell out letters and words which slowly 
travel across the face of the sign. Such 
a sign is known as a “ Drifter."’ 

Panoramic Signs. In these, suitable 
advertising matter is inscribed on a 
cylinder of translucent material, such as 
parchment, to which is fitted a series of 
vanes. The cylinder is mounted concen- 
trically with an incandescent lamp, and 
is lightly pivoted so that the currents of hot 
air from the lamp impinge on the vanes, 
causing the cylinder to rotate. The light 
may be thrown on to a translucent screen 
to form a moving image, distorted at its 
extremities. 

Internalite. In this, one edge of a 
sheet of plate glass polished on one side 
and etched with a suitable design on the 
other is fitted into a metal case. The case 
conceals a striplite w'hich throws light 
into the body ot the glass where it is 
reflected internally until it reaches the 
etched pattern, which it illuminates so 
that it can be read from the front. 

Gas Discharge Tubes. The various tyj>es 
of neon "" signs available are discussed 
under that heading and under Gaseous 
Discharge Tubes. For external operation 
they should be mounted on oak, teak, or 
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metal. Blue (argon-mercury) tubes should 
be mounted on blue, white or totally 
reflecting surfaces, never on green or gilt, 
and for the most vivid red, neon tubes 
should be mounted on a red background. 


The following lamps have recently been 
introduced by Messrs. Siemens for ad- 
vertising purposes. 

I. “ Dobrulux.'’ — Primarily designed for 
operation on D.C. When used on A.C. a 


rectifier should be in- 
cluded in the circuit. 
The lamp is filled with 
neon and is so con- 
structed that a glow 
discharge is caused to 
move continuous!}" 
round a central core 
with a gyratory move- 
ment. It gives life to 
a sign, consumes only 
a watt and has no fila- 
ment that may be 
damaged. 

2. “Neonic.” — This 
is a neon sign which 
operates o n normal 
supply voltages with- 
out the aid of H.F. 



SIGNS (ELECTRIC). Fig. 
1. Siemens “ Dobrulux ” 
neon lamp giving an 
impression of gyration in 
the lamp. 


coils or H.T, transformers. They are 
tubular lamps carr\’ing wording within 
the tube, which when the sign is on the 
circuit are featured boldly and in the 
characteristic neon colour. 


For many purposes, “ tube-lamps make 
an effective substitute for neon signs, 



ant in small and special coil design, 
because the overall diameter of the coil 
affects the inductance value. The silk also 
has a somewhat higher charring tempera- 
ture than cotton, so that higher current 
densities may be allowed in similarly 
disposed windings when this form of 
insulation is u.sed. Thirdly, its appearance 
causes it to be used for the outside coils 
of windings which are open to view, and 
as it does not deteriorate so easily nor is so 
absorbent of moisture, is sometimes to be 
preferred. 

SILVER. Metallic chemical element. 
The symbol of silver is Ag, an abbreviation 
of the Latin name of the metal, argentum. 
It is whitish in colour and has a notably 
high metallic lustre. It is the most 
malleable and ductile of all metals after 
gold. The si)ecific gravity varies from 
10*47 10*62, and the weight per 

cubic inch is *38 lb. The melting point 
of silver is 961^ C. (1,762° F.). The latter 
property permits its u.sc in a hard-soldering 
proce.ss for uniting small metallic parts. 
Bra.ss, copper, iron, steel, silver and 
German sih’er can all be united by this 
process. The strength of the joint is 
almost equal to that of a well-brazed 
joint, and on brasswork can be taken as 
being practically as strong as tlie metal 
itself (vW vSolder). 

SihTr j)lays a very important part in 
electrical matters, being the standard of 
conductivity both as regards heat and 
electricity. Its cost prohibits its extensive 
adoption for conductors, for 
which cop])er and aluminium are 


Fig. 2. Tubular “ Neonic " lamp carrying wording within the tube. 


exclusively employed. Tables of 
comparison of the relative resi.st- 


Sitmenn Llecirtc J.amps <C Sapjihrs, Ltd 


ivities of the various metals are 


especially those requiring only small 
lengths of tubing, and where a high 
voltage would be particularly objection- 
able. See Gaseous Discharge Lamps ; 
Hot Cathode Lamp ; Neon Lamp. 

SILK-COVERED WIRE. Usually silk 
is only applied as a covering to pure copper 
wire of small gauge. It may consist of a 
double or .single covering and, although 
more expensive than cotton covering, it 
has several advantages. First, the insulation 
resistance is higher than cotton, thus 
allowing the .same rc.sistance of insulation 
to occupy a smaller space. This is import- 


given under the heading Conductors 
(page 281), silver with a specific resistivity 
of 1*468-1*620 per cm. cube, or 0*578-0*634 
per inch cube, being taken as unity. 

Silver is also used in computing the 
ampere, the unit of electrical current, as 
the constant and steady current which, 
when passed through a neutral solution 
of nitrate of silver deposits in one second 
•001 1 18 gramme of silver on the cathode, 
is known as one ampere. 

This electrolytic action is employed in 
the refining of silver from its ores as 
described under Electrolysis, and also in 
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the electro-deposition of silver on other 
metals {see Electro-plating). Moving con- 
tacts in switchgear are sometimes of silver 
or are silver coated to minimize sparking 
and for the sake of improved conductivity. 

Impurities in silver tend to make it 
brittle, and only pure silver is used when 
it is to be drawn into thin wires or other- 
wise worked mechanically. 

SILVER-PLATING. Base metals are 
covered with a layer of silver, largely for 
jewellery and culinary purposes. The 
metal is cleaned, copper-plated and then 
the silver deposit is put upon the copper. 
See Electro-plating. 

SIMPLEX WINDING. The simplest 
form of any type of armature winding 
consisting of a single helix wound on the 
surface of the armature core. Suitable for 
either lap or wave windings, in the latter 
case providing two and in the former case 
p paths through the armature where p is 
the number of poles. 

Simplex windings are commonly em- 
ployed for outputs exceeding 500 amps., 
and since the current per armature 
conductor equals load current divided by 
p, the number of poles must be sufficient 
to limit the current to less than 250 amps, 
per conductor. Equalizing connexions arc 
also required connecting commutator seg- 
ments which are two pole pitches apart. 
See Multiplex Winding. 

SINE CURVE. Draw a line through the 
centre of any circle such as OA in Ing. i. 
Select any point B on the circumference 
of the circle and draw from it a vertical 
line on OA cutting it at C. If a line is 
drawn from O to B the angle a is formed 
as shown on the figure. The length of 
BC depends on the angle a and also on 
the radius of the circle called r in the 
figure. It ig described as the sine of the 
angle a multiplied by the radius r or 
briefly written r x sin a. The length OC 
is described as the cosine of the angle a 
multiplied by the radius r. It is written 
f X cos a. If B on the figure moves a 
little way upwards and to the left round 
the circle, a grows. The line CB also 
grows. But OC diminishes. When B 
has moved to the highest possible point 
on the diagram OB is vertical ; o is a 
right angle ; r x sin a is equal to r ; OC 
has diminished to zero, so that r X cos a 



SINE CURVE. Fig. 1. Meaning of sine and cosine* 
Sine of angle a is equal to BC/OB. 


is o. This shows that when « is 90°, sin 
a is I and cos a is o. 

If B moves further round the circle, 
a becomes an obtuse angle. {See Fig. 2.) 
CB becomes less as B moves to the left 
and OC grows larger. Hence, while B is 
as in Fig. 2 an increase in the angle a 
causes the sine to diminish and the cosine 
to increase When B reaches the horizontal 
line, BC disappears to nothing, OC be- 
comes equal to r, and a is 180'". 

If the point B moves still further round 
the circle it reaches the lower half, a 
is greater than 180°. A vertical line from 
B on to the horizontal line through the 
centre of the circle grows as B moves 
further round until it is equal to r when 
B is at the lowest point. Here a is 270°. 
If B moves still further round the circle 



Fig. 2. For an obtuse angle the sine is still given by 
the ratio of BC/OB. 
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it eventually reaches the 
starting point at A on 
Fig. I, where can be 
called cither 360® or 0°. 

At this point X sin a 
1ms again become o, and 
r X cos a is equal to r. 

Plotting a Sine Curve. 

A sine curve is one for 
which the successive 
values of r x sin a are 
plotted against successi\’c values of a, 
as in Fig. 3. The point B is imagined 
to have been moved round the circle 
on the left-hand side of the figure 
in a counter-clockwise direction. It 
reaches the points marked 30, 60, 90, etc., 
in succession. These are values of the 
angle a in degrees. On the sine curve 
on the right of the figure these degrees 
are plotted horizontally as abscissae (sec 
Curve), while the \ ertical distances of the 
corresponding points from the horizontal 
line through the centre of the circle are 
plotted as ordinates. They are successive 
values of r X sin a. 

It is usual to speak of the four quadrants 
of the circle from which the sine curve is 
derived. The first is from o'^’ to 90'^, the 
second from 90° to 180"', the third from 
180° to 270°, and the fourth from 270"" to 
360°. For the first and second quad- 
rants the sine curve is considered positive 
and its curve is above the X axis. For 
the third and fourth quadrants the sine is 
negative and its curve below the X axis. 
The cosine is to the right of the centre 
of the circle as long as point B is either in 
the first or fourth quadrants. For these 
it is said to be positive. When B is in the 
second and third quadrants the cosine 
is negative. 

The maximum height of a sine curve is 
called its amplitude. It is the value for 
which r X sin a = r, so it is equal to the 
radius of the circle from which the curve 
can be derived. The distance from one 
positive maximum to the next is called 
the period of the curve. 

The Sine Law. If point B moves round 
the circle at constant speed the horizontal 
scale of the sine curve can be marked in 
time instead of in angular degrees. If B 
took 360 seconds to make a complete 
revolution the scale shown in the drawing 
would represent seconds. If B moved 


round the whole circle 50 times a second 
the number 360 on the scale would re- 
present 1/50 second. When any quantity 
varies with time so that its values can be 
represented by a sine curve it is said to 
obey a sine law. A swinging pendulum 
follows such a law. If its distance from 
the centre position in which it comes to rest 
is plotted against time we get a sine curve. 
The same is true of any system which 
oscillates hi a simple way. Movement 
which follows such a curve is called simple 
harmonic motion. Consequently the 
properties of sine curves are important 
lor the study of all oscillating or \'ibratory 
conditions. 

An alternating electric current follows 
a sine curve very closely. The amplitude 
of the curve is equal to the peak value of 
the current and the period in seconds is 
one divided by the frequency (q.v.). In 
Great Britain the period is 1/50 second. 

Any curve which apiiroximatcs to a sine 
curve without being a true one is said to be 
distorted. The curve representing an 
alternating current or voltage nearly 
always departs slightly from a true sine 
curve, but it is the aim of the designer 
of the generating plant to keep distortions 
to as low a value as possible. I'he actual 
shape of the curv^ is called its wave form. 

It can be proved that any distortion 
of a sine curve can be represented as due 
to other sine curves being superimposed 
on it which have different amplitudes and 
periods. Those which produce distortions 
ot importance in electrical engineering 
always have frequencies which are a 
multiple of the basic frequency. They 
are called harmonics. The most promin- 
ent departure from a true sine curve is due 
to a triple frequency current called a third 
harmonic. Its period is a third that of 
the basic curve, or in Great Britain 1/150 
second. Other harmonics also occur and 
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higher ones, such as the eleventh and over, 
are particularly disturbing to telephone 
and wireless work because their fre- 
quencies are the same as those of audible 
soundwaves. 5^^ Circle Diagram; Tangent; 
Trigonometrical Functions; Vector. 

SINGLE PHASE. A term used to 
describe a circuit where there is a single 
alternating current circulating in one pair 
of wires as compared with systems in which 
there are two or more branches or phases. 
In a two-phase system the currents 
are displaced 90"* from each other, in a 
three-phase system by 120''. See Distri- 
bution ; Phase. 

SINGLE-PHASE MOTORS. Generally 
speaking, motors supplied by single-phase 
A.C. are not used unless a three-phase 
supply is for some reason inconvenient 
to obtain. The reasons for this are : 

1. Complications in design of the motors 
are necessary in order to obtain a starting 
effort. There is no single-phase motor as 
simple in design and requiring so little 
maintenance as the three-phase induction 
motor 

2. Alternating current systems are now 
being standardized for three-phase opera- 
tion. A single-phase motor takes its supply 
from two wires only, and therefore loads 
the three phases unevenly. This is only 
serious in the case of large motors. 

A three-phase supply is not convenient 
in the following cases and single-phase 
motors are used : 

1. Small domestic motors which take 
their supply from house wiring which is 
invariably single phase (see Wiring). 
These include fixed motors such as those 
used for refrigerators, ventilators, etc., 
and portable motors such as vacuum 
cleaners, table fans, hair driers, etc. 

2. Portable motor-operated tools used 
in factories, such as drills, grinders, 
blowers, etc. A three-phase supply is 
available for the fixed motors in most 
factories, but it is more convenient to use 
single-phase current for portable motors 
because they take their supply from two 
wires only. The flexible connexions contain 
the two supply wires and an earth wire 
terminated at a three-point plug. 

Three-phase supply is also not per- 
missible because the voltage between 
phases is usually over 400, which is not 
safe in portable apparatus. The supply is 


usually taken from one phase to neutral. 

3. Railway locomotives which take 
their supply from a single overhead line 
with a return path vza the track. A three- 
phase supply to a locomotive requires 
three feed lines and complicated current- 
collecting devices. Despite this serious 
disadvantage many railways are equipped 
for three-phase operation in order to obtain 
the superior performance of three-phase 
motors. 

4. Motors which have to run equally 
well on A.C. or D.C. such as small domestic 
motors, dentists' drills, etc. (see Universal 
Motor). D.C. can be regarded as a single- 
phase current of zero frequency. 

Single-phase motors are usually asyn- 
chronous but synchronous (g.v.) 

motors are used in special cases. One very 
common use of the synchronous type is for 
driving timepieces (see Clock, Electric). 
For larger powers the synchronous type 
presents special difficulties in design due 
to the pulsating nature of the magnetic 
field produced by the stator windings. 

Asynchronous motors are divided into 
two classes : 

1. Commutator motors which have 
armatures with commutators and brush- 
gear like a D.C. machine. 

2. Induction motors similar to three- 
phase induction motors but having special 
provision for starting. 

There are many types of single-phase 
motors, which include the following : 

Single-Phase Series Motor. This operates 
on the same principle as the D.C. series 
motor (^.v.). The current circulates through 
a field winding in series with an armature 
winding and the driving force arises from 
the interaction between the magnetic 
effects of the field and armature windings. 
If an ordinary D.C. series motor were to 
be supplied with A.C. of low frequency it 
would rotate, but satisfactory performance 
would not be obtained because : 

1. The magnetic induction would be so 
high that the current taken would be very 
limited in amount, and would be at a very 
low power factor. The power obtainable 
would, therefore, be negligible. 

2. The alternating magnetic field would 
produce eddy currents of high value in the 
solid iron poles and yokes, with serious 
loss of power and overheating. 

3. The field current would produce a 
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voltage in the coils undergoing commu- 
tation and there would conse- 

quently be heavy sparking at the brushes. 

To overcome these difficulties, the fol- 
lowing measures are taken : 

(1) A fixed compensating winding is 
provided which produces a magnetic ehect 
in opposition to that of the armature. 

(2) Tlie pole pieces and yokes of the 
magnetic circuits are made of laminated 
plates like the core of a transformer {q.v.). 

(3) The current in the compensating 
windings is shunted by a resistance 
adjusted so as to produce a phase displace- 
ment in such a direction that the resulting 
magnetic effect in the coil undergoing 
compensation is opposed to that produced 
by the field winding. 

Motors of this type have been success- 
fully applied to railway traction, the 
frequency used being about 16 cycles. 
They are also very largely used for small 
domestic drives. The universal motor 
belongs to this class. 

Repulsion Motor. This resembles the 
series -motor except that the armature 
current instead of being supplied in series 
with the field has current induced in it 
by transformer action. The brushes are 
connected together and the armature 
current circulates round a closed circuit 
consisting of the commutator windings, 
the brushes, and the brush connectors. 

This affords two important advantages : 

1. The amiature can operate at a very 
low voltage wliatever the voltage of the 
supply. This simplifies commutator design, 

2. By moving the brushes the angle 
between the magnetizing forces of arma- 
ture and field windings is changed and 
the driving force and transformer action 
is therefore altered. This provides a 
convenient method of speed control. 

A refinement in design is contained in 
the Deri Motor (q.v.), which is a form of 
repulsion motor having special brush-gear 
designed to confine the current in the 
armature to the part producing the most 
effective driving force. A further refine- 
ment is contained in a machine known as 
the Winter-Eichbourg-Latour motor (see 
page 1035). In these motors all the wind- 
ings revolve in such a direction that the 
voltage due to the rotation cancels out the 
voltage due to self-induction. This permits 
operation at a high power factor. 


Single-phase Induction Motors. Single- 
phase induction motors are similar in 
construction to three-phase induction 
motors (sec Induction Motor). If a 
stationary three-phase induction motor is 
connected to two wires only of the supply 
there is no driving force because the field 
produced by the stator windings pulsates 
but does not rotate. If a three-phase 
motor has one of the supply wires 
disconnected while it is running it will 
continue to run and will develop a 
fair amount of power. For single-phase 
operation, thcretore, all that is required 
is something to provide the starting effort. 
The following means arc used. 

Shaded Pole Motor. 7 'hese motors 
consist of a stator winding having a 
number of poles excited by the current 
taken from the line, liach pole is pro- 
vided with a second winding which only 
embraces half of it. This winding is 
short-circuited. A current is induced in 
it by transformer action which is slightly 
out of phase with the current in the main 
winding and it therefore gives the same 
effect as a winding connected to a different 
phase to the main winding. A rotating 
magnetic field is, therefore, produced 
similar to that produced in a three-phase 
induction motor. This field induces a 
current in the rotor windings and the 
motor starts uj). When the motor gets 
up to its normal speed the rotor current 
continues with the stator current to 
produce a rotating field independently of 
the shading winding. Motors of this type 
are in very common use for light, slow 
speed drives, such as for ceiling fans. 

Split Phase Motors. Tliese motors are 
wound with two sets of windings, one of 
which receives its supply from the mains 
direct and the other from the mains 
through a condenser or inductance. The 
current is therefore displaced in phase in 
the two windings and a rotating field is 
produced. These motors have the same 
applications as the shaded pole type. See 
Fractional H.P. Motor ; Repulsion Motor. 

Speed Regulation. Speed regulation of 
single-phase motors is usually obtained 
by adjusting the voltage of supply either 
by tapped transformers or compensators 
(see Starter). In the special types with 
movable brush-gear described above it is 
also obtained by moving the brushes. 
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SINGLE-SPAN TUNING. A system of 
superheterodyne reception in which there 
is no variable tuning in the signal fre- 
quency circuits. The circuit between the 
aerial and the first valve consists of a 
filter which passes all frequencies com- 
prising the whole range of wavelengths to 
be received ; for instance, in a broadcast 
receiver all frequencies corresponding to 
wavelengths from 200 to 2,000 metres 
(1,500 to 150 kc.) are passed with more or 
less equal strength, whereas higher fre- 
quencies are cut off. 

As in an ordinary superheterodyne 
receiver, local oscillations are made to 
interact with the signal frequency oscilla- 
tions to produce a beat frequency after 
rectification by the first detector. But 
this beat frequency is higher than the 
highest signal frequency received, not 
lower as in the case of an ordinary super- 
heterodyne. 

One of the main advantages of the 
system is that it requires a single variable 
“ tuning ” condenser only, namely that 
in the oscillator circuit, the necessity for 
ganged condensers being eliminated alto- 
gether. Secondly, no switching is neces- 
sary to change from medium to long 
waves, the whole wavelength range being 
covered by the single range of oscillator 
frequencies. 

The use of the single tuning condenser 
is made possible by the high supersonic 
frequency employed, namely 1,600 kc. 
per .second or more. With this “ inter- 
mediate ” frequency the oscillator would 
work over the range from 1,750 to 3,100 
kc. to cover the complete 200 to 2,000 
metre wavelength band, and this requires 
a maximum to minimum capacity ratio 
of 3-14 only. 

Second channel interference would occur 
from stations operating over the fre- 
quency range of 3,350 to 4,700 kc. if the 
aerial coupling to the first valve were 
efficient over that range. For this reason 
the cut-off should occur at about 1,500 
kc. per sec., and filter circuits are de- 
signed to this end. The passing of 
signal frequencies below the useful range 
is immaterial and the aerial filter circuit 
can conveniently be in the form of a 

low pass " one. But owing to the 
nature of the aerial circuit itself a sym- 
metrical low pass filter is impossible and 


a compromise has to be effected. This 
takes the form of the well-known band- 
pass filter used for tuning purposes, but 
the coupling between the units is made 

su f ficient ly 
tight to give a 
peak separation 
in the double- 
hum p reson- 
ance curve of 
about 800 kc., 
one peak occur- 
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SINGLE-SPAN TUNING. Fig. 1 . .^okc and the 
Response curve of coupled aerial 4”^ 
circuits. 

Courtesy of " The H'irrless World 


other at about 
1,200 kc. The 
type of re.sponse curve obtained with such 
an arrangement, using capacity coupling, 
is shown in Fig. i. 

A practical circuit arrangement is 
given in Fig. 2, which shows the essential 
aerial fiLtcr circuit, and the frequency- 
changer valve of the heptode* type. The 
resistances Rj and Rg are included to 
reduce the peaks of the double-hump 
band-pass filter characteristic. 



Courtesy of " The H treless World." 


The oscillator condenser C4 is the only 
one used for tuning, C5 being a pre-set 
condenser only. Nonnal band-pass filters 
may be used in the 1,600 kc. intermediate 
frequency circuits and other refinements 
may be added, according to normal prac- 
tice. The diagrams are by courtesy of 
“ The Wireless World,’' to whom the 
S5^tem is due. The single-span tuning 
principle w^as not developed and its possi- 
bilities remain largely unexploited. 
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SINOIDAL OR SINUSOIDAL CUR- 
RENT, VOLTAGE, WAVE, ETC. A 

current, voltage or wave that follows a 
sine law, i.e. whose relative instantaneous 
amplitudes are proportional to the sine 
of the angle or rotation of the represen- 
tative vector. Generally, a sinusoidal 
impulse is free from harmonics and must, 
therefore, be what is termed a funda- 
mental impulse of pure sine form. See 
Sine Curve. An example of a non- 
sinusoidal wave form is given under the 
heading Modulation. 

SIX-PHASE CURRENTS. The alternat- 
ing current side of a rotary converter is 
usually fed in practice by six-phase currents 
from the transformers serving them. This 
results in considerable economies of 
operation and increases the overall 
efficienc}^ of the converting plant (see 
Converter) . The six currents differ in phase 
symmetrically by 60*^, but the system is 
limited in practice to this one application. 

SIX-WIRE THREE-PHASE SYSTEM. 
If each of the phases in a three-phase 
system has its own return wire, and each 
phase is completely insulated, a six- 
wire system is obtained enabling each 
phase, to be connected to a separate load. 

If, now, the corresponding terminals 
of the returns of each phase be joined 
together, three of the wires may be 
replaced by a single wire of sufficient 
section to carry the sum of the three 
currents. The current in the combined 
line at any instant is Ij -j- + I3. and it 

can be shown by simple trigonometry 
that for a balanced load I^ -f- I2 + I3 = O. 
The common return wire may then be 
dispensed with, this method of connexion 
being known as star connexion (q.v.). 
If, however, the return wire of each phase 
be connected to the positive lead of the 
next phase, and so on, delta or mesh 
connexion (q.v.) results. 

SKEW WINDING. Also known as 
basket winding, is a method of winding 
applied to high-pressure alternators, simi- 
lar to the former winding of D.C. genera- 
tors. The end connexions are arranged 
in two layers, but the coil sides, instead of 
being in two rings, are all placed at the 
same distance from the rotor shaft. 
The coils may be of the same pitch, but 
are more usually concentric — i.e. of dif- 
ferent pitches with the smaller coils 


fitting inside the larger ones, yielding more 
space for insulation and facilitating 
the arrangement of the end connexions. 

For a monophase machine this arrange- 
ment can be made without any crossings, 
but for a two-phase alternator they cannot 
be avoided, and one set of connexions 
is therefore bent up on the skew,” 
whilst for a three-phase, two sets are 
skew'cd to varying degrees. The actual 
arrangement of the winding is highly in- 
volved and beyond the scope of this work. 

SKIN EFFECT. Term used in connexion 
with high-frequency currents, which flow 
only on the surface of conductors. 

In any conductor carrying high-fre- 
quency current, eddy currents are induced 
wffiich tend to neutralize any of the 
flux cutting the conductor itself. For this 
reason, the current tends to flow on the 
outer surface of the w^ire. In an ordinary 
direct-current-carrying conductor the 
whole of the wire is used lor carrying 
the current, so that it is clear that with 
high-frequency current, for a given wire, 
the resistance is greater than for direct or 
low-frequency currents. A metal tube 
offers to high-frequency currents no more 
resistance than does a wire of equal surface. 

This is one reason why it is best to use 
stranded cable in high-frequency work, 
such as radio. Each strand, how- 
ever, should, for best results, be in- 
sulated by a silk or enamel insulating 
covering, to present the greatest possible 
surface for a given size of cable. This 
type of stranded cable offers considerably 
less resistance than does the ordinary 
single wire. Litzendraht wire is such 
a built-up wire. To lessen their 
high-frequency resistances, transmitter 
inductances are wound with thin copper 
strip of large surface, w'ith T.itzendraht, 
or with large copper tubing. Flat copper 
or phosphor-bronze strip is often used on 
account of the large surface it presents. 

The skin effect is greater in a coil of wire 
than it is in a straight length of the same 
wire, owing to the proximity of the turns 
of wire in the coil to one another. 

The resistance of copper conductors to a 
frequency of one million cycles is approxi- 
mately three times that of its D.C. re- 
sistance. In overhead line^, provision is 
made for the decreased resistance by 
substituting cored stranded conductors 
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for solid drawn wire. In providing for 
decreased resistance with increased con- 
ductor surface area, there is a fortuitous 
saving in conductor weight which reduces 
considerably the sag factor. See Current 
Density ; High-Frequency Currents ; 
Impedance ; Stranded Conductors. 

SKIP DISTANCE. A term used in 
short-wave radio communication to denote 
the distance beyond the farthest limit 
of the ground wave at which reception 
again becomes possible, i.e. where the 
reflected sky wave first rcao^tes the earth. 

Waves from the transmitting aerial are 
radiated at all angles, but the ground 
wave is soon absorbed by the semi- 
conducting earth, the attenuation in- 
creasing with increase of frequency. Those 
sky waves with an angle to the horizontal 
not exceeding a certain value are reflected 
by the ionized layers of the upper atmo- 
sphere and reach the earth again at a 
point C beyond the useful limit B of the 
ground wave (m* diagram). In the inter- 
mediate space BC no signals are receivable, 
and this space is called the skip distance. 



SKIP DISTANCE. A is transmitter, 6 the limit of 
ground wave, C the point of nearest reflected wave. 

BC equals skip distance. 

The skip distance depends on the wave- 
length and on whether daylight or dark- 
ness prevails. For instance, in daylight 
it is about i6o miles at 40 metres and 500 
miles at 20 metres. At night-time the 
40-metre skip distance averages 350 miles, 
whilst the 20-metre wave is not reflected 
at all. Summer and winter conditions 
also influence the skip distance. See 
Heaviside Layer. 

SLATE. A fine grained rock, originally a 
fine clay, which cleaves in layers like mica. 

Slate is used largely for switchboards. 
It is, however, very heavy and brittle, and 
is often displaced by moulded asbestos- 
mica-bitumen compounds with higher 
mechanical strength and equal insulating 
properties. Slabs up to two inches 


thick have been used for heavy oil switches 
and similar heavy duty apparatus. Slate 
IS hygroscopic, and for switchboards it 
must be enamelled and stove-dried. 

The specific resistance of slate varies 
from about 50 to 75 x 10® megohms per 
cm. cube, although samples vary widely, 
because in the poorer qualities, especially 
the outcroppings, iron and other minerals 
are often incorporated. Its dielectric 
strength is about 30 volts per mil, com- 
pared with a maximum of 1,500 volts per 
mil for mica. See Switchboard. 

S.L. CABLE. An abbreviation of separ- 
ate lead-covered cable, and a trade name 
used for a type of extra high tension 3-core 
cable, in which each conductor, after insu- 
lation, is provided with a lead sheath. The 
three lead-sheathed cores are then made up 
into a cable in the usual way. The S.L. 
cable was designed to overcome the troubles 
which have been experienced with three- 
core cables of the older type, due to non- 
uniformity in the electric stress and to the 
possibility of the formation of air spaces in 
the insulation whereby destructive ioniza- 
tion is set up. In the S.L. cable the 
electric stress is uniform and its direction 
is radial at all points, while the compact- 
ness of the insulation avoids any possi- 
bility of ionization. 

The losses in S.L. cables arc a little 
greater than in those of the older type, 
due to the presence of para.sitic currents in 
the sheaths. On the other hand, the three 
sheaths greatly improve the heat-dissipat- 
ing properties of the cable, so that the 
rating of a given section is even greater 
than that of a similar section of the older 
type. See Cable (page 174) , Transmission. 

SLIDE RULE. A device for rapid 
arithmetical work. In its commonest 
form it consists of a specially constructed 
wooden ruler about ii in. long by li in. 
across. The centre of this is grooved to 
take a narrower ruler which slides in the 
groove. The surface of the sliding portion 
is flush with the fixed part. Scales are 
marked along the lines adjoining their 
edges, the same divisions occurring on the 
fixed and sliding portions. The scales are 
not evenly divided like those on a foot rule, 
and do not begin with 0. The division 
is logarithmic, the first reading being 
marked i. The scale goes up to 10, but it 
is usual to omit the o in the last figure. 
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When the slide rule is used for multi- 
plying two ligures, 2 and 3 for instance, 
it is operated as follows. The sliding 
portion is moved until tlic beginning of its 
scale, marked i, is opposite 2 on the fixed 
portion ; 3 on the sliding portion is then 
opposite the answer, namely 6, on the 
fixed })ortion. The way to operate a 
slide rule for di\'ision follows from its use 
in multiplication. Slide rules are fitted 
with a further sliding portion known as a 
cursor. This is a small carriage holding 
a glass plate against the surface of the 
rule. The glass is marked with a hair 
line and can be placed in any position to 
retain an intermediate figure when many 
successive multiplications and divisions 
are required for a final result. 

The principle of operation of a slide rule 
is based on the theory of logarithms 
iq.v.). If the divisions were marked 
evenly and not logarithmically it would 
add instead of multiplying. When we 
moved the sliding part until the beginning 
of its scale was at 2 on the fixed portion 
we should travel a distance measuring 
2 units. If we then moved along the 
sliding portion another 3 equal divisions 
we should measure in all 5 units and this 
is what we should read off on the fixed 
scale, as anyone can prove by placing two 
foot rules side by side. Such a slide rule 
would tell us what 2 + 3 is. But the 
markings on the slide rule are such that 
the figures read are not a direct measure 
of the distance from the beginning of the 
scale. They are such that while we read 
a certain figure we measure its logarithm. 
The 2 means that the distance of that 
point from the beginning of the scale 
represents log 2, wTiile the distance at 
the point 3 represents log 3. The slide 
rule operation, therefore, consists in 
measuring log 2 + log 3. Adding log- 
arithms is the same as multiplying their 
numbers. So a distance corresponding to 
log 2 + log 3 is equal to a distance 
corresponding to log 6. The property of 
logarithms is such that any figure on a 
slide rule can stand for the figure as read 
or that figure multiplied or divided by 
10 any number of times. 

Most slide rules have a scale along the 
upper edge of the slide as well as along the 
lower one. The former is twice as close 
as the latter. While giving less accuracy 


the extended set of figures is often con- 
venient. This scale also enables squares 
and square roots to be obtained easily, 
because every figure on the lower scale 
faces its square on the upper one. Further 
scales are frequently provided on the 
outer edges of the fixed portion and are 
used with the help of the cursor. They 
give such quantities as cubes, cube roots, 
logarithms and trigonometrical functions. 
Inch and centimetre scales arc also often 
added to render the slide rule useful as a 
measuring instrument. See Logarithms ; 
Mathematics for Engineers. 

SLIP. The speed of an induction motor 
depends on the number of poles and the 
frecpiency of the alternating current sup- 
plied, exactly as the frequency of current 
supplied by an alternator (q.v.) is a function 
of the speed and the number of poles. 

In practice, however, the actual speed 
will be slightly less than the synchronous 
speed, as at synchronous speed no torque 
whatever w^ould be exerted. Friction 
renders this an impos.sible state, and as the 
motor is called u])on to take up load, the 
speed falls more and more aw\ay from the 
synchronous sp)ccd, until finally, if the 
load is increased too much, the motor 
stops ; it would, however, run up to speed 
again if the load w^re eased. Technically 
the motor is said to “ slip " as the load 
comes on, and the slip of a motor is the 
amount of slowing down relatively to the 
synchronous speed. 

The slip may be wTitten as 


where «s and are the speeds of the 
revolving field in the stator, and that of 
the rotor, respectively. I'he slip depends 
upon the load and in modern machines 
varies from about 2 i)er cent, on no-load 
to 6 per cent, on full-load, so that an 
induction motor is to all intents and 
purposes a constant speed machine. After 
the motor has been loaded up to a certain 
critical point the torque diminishes sud- 
denly and the motor slows down ; con- 
siderable s|)eed variation can only be 
obtained by designing the motor to give 
a large slip at the sacrifice of considerable 
loss in efficiency and general performance. 
See Induction Motor. 

SLIP CONDUIT. Conduit and 

Conduit Fittings ; Wiring. 
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SLIP REGULATOR. The induction 
motor under load slips below the syn- 
chronous speed by an amount depending 
upon the resistance of the rotor winding. 
The slip is practically proportional to the 
voltage drop in the rotor, and therefore, 
by making the rotor of high resistance, or 
by introducing this resistance externally, 
the voltage drop can be made very great, 
and thus the slip may be controlled at will. 

The method is very wasteful as a means 
of controlling the speed of an induction 
motor, since a reduction of the motor 
speed to half of the normal, for instance, 
necessitates a loss of 50 per cent, of the 
input in the rotor resistance, tlms being 
not only very wasteful of energy, but 
entailing large and expensive controlling 
resistances. The Ward Leonard system 
{q.v.) has overcome these disadvantages 
and automatic slip regulators are in- 
corporated in these and similar flywheel 
methods of control. See Induction Motor ; 
Slip, etc. 

SLIP-RING. Name given to sliding 
contacts from which the collecting brushes 
pick up the current generated by an alter- 
nator. They are equivalent to the com- 
mutator on a direct current generator. 

The rotor of a generator is necessarily 
kept revolving to generate an electro- 
motive force ; it is clear that some sliding 
contact is necessary to connect the wind- 
ings to any required outside circuit. The 
common type of alternator has a stationary 
armature and its rotating magnets are 
supplied with D.C. through slip-rings. 
They are also used to feed A.C. into the 
rotating part of rotary converters, etc. 

One slip-ring is connected to one end of 
the armature winding and the other end 
of the winding is connected to the other 
slip-ring. The two brushes making con- 
tact with the slip-rings are connected up 
to the outside circuit. 

On most standard motors the phosphor 
bronze slii)-riiigs are mounted inside the 
end .shields, exceptions being in the case of 
flame-proof and totally enclosed fan- 
cooled motors. These end shields prevent 
accidental short-circuiting and can easily 
be removed for inspection and adjustment 
of the brush-gear. The photograph shows 
a close-up view of the slip-rings with 
end shield removed and the brush lifting 
and short-circuiting gear can easily be seen. 


The slip-rings are shrunk upon mica- 
insulated steel sleeves. See Alternator; 
Commutator. 

SLIP.RING MOTOR. An A.C. motor of 
the induction type having a wound rotor, 
the winding of which is brought out to 
slip-rings for the purpose of starting and 
speed regulation. The stator of a slip-ring 
induction motor is of the usual pattern 
(sec Induction Motor). The rotor consists 
of a number of stampings mounted on a 
shaft, and forms the armature (q.v.) of the 
motor. The outer periphery is slotted 
with open or semi-closed slots which 
receive tlie rotor winding. This is always 
wound three phase, even when the stator 
is two phase, since it is not necessary for 
the number of phases to be the same on 
both stator and rotor. The stator winding 
sets up a rotating field, and the rotor 
rotates in it without regard to the number 
of phases in the magnetizing winding 
which produced it. Since a three-phase 
rotor winding only needs three slip-rings, 
as against four for a two-phase winding, 
the advantage is obvious. 

These slip-rings are brass or cast-iron 
rings, insulated from each other and from 
the frame of the machine. On the inside 
of each slip-ring is a lug to which is bolted 
the copper lead coming from the end of 
the rotor winding, which is star-connected. 
Pressing on each slip-ring are one or more 
carbon brushes, from which another lead 
is taken to one of the rotor terminals. 
There are three of these, and three 
conductors are now required to make 



SLIP'RING. Brush-lifting and short-circuiting gear 
are shown ; brushes in raised position. 

C'rnrrdI Electric Co., Ltd , of England. 
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SLIP.RING MOTOR. Fig. 1. The rotor winding 
connexions are made at one end of the rotor to 
facilitate access for inspection. Fig. 2. Slip-rings, 
insulated windings and fan are clearly shown. 
Lancathire Dynamo & Crypto Co . Ltd 


connexion to the three-phase starting resist- 
ance. This starter {q.v.) possesses three 
rows of contacts connected to three sets 
of resistance coils, and moving over these 
contacts are three arms rigidly fixed to 
one another, these arms forming a short- 
circuiting device for the resistance coils. 

When the machine is first switched 
into circuit all the starting resistance is 
included in the circuit ; then the resistance 
is cut out step by step, until finally the 
whole of the resistance coils arc short 
circuited. There are now in circuit only 
the leads from the motor brushes to the 
starter, perhaps several feet away. This 
resistance is very low, but it may yet 
be comparable with the resistance of the 
rotor winding itself, which is also very low. 

Again, there is also included in the 
circuit the resistance of the contacts on 
the starter and the resistance of the brush 
contacts on the slip-rings of the motor. 
These are certainly comparable in magni- 
tude with the rotor winding resistance 
and consequently arrangements are made 
for the motor slip-rings to be directly 
short-circuited, quite apart from the short 
circuit brought about by the starter. 
The usual device is for a metal collar 
to be forced under the slip-rings, in a 
direction parallel to the shaft, so as to 
make direct contact between all three. 

This operation is performed by means of 


a lever situated near the end of the shaft, 
the movement of this lever causing the 
collar to slide along the shaft. Even the 
brush-contact resistance of the brushes 
on the slip-rings is thus eliminated, and 
when this short-circuiting device is driven 
home, the brushes on the slip-rings are no 
longer necessary. They can, therefore, be 
raised from the slip-rings to reduce wear 
on them and to do away with their friction 
loss. This brush-lifting device is operated 
by the same lever that brought about 
the short-circuiting of the slip-rings, both 
being performed by one hand operation. 
This is highly desirable, as, apart from 
.simplicity of action, it is essential that 
the two operations should be performed 
in the proper sequence. The brushes must 
obviously be raised after, and not before, 
the slip-rings are short-ciicuited, and 
conversely, when the re\'erse operation 
is Ljing carried out, the brushes must be 
lowered into po.sition on the slip-rings 
before, and not after, the short circuit is 
removed. 

Slip-ring type induction motors are 
used where a good starting torque is 
required without an injuriously excessive 
current passing. By suitably designing 
the value of the starting resistance, the 
motor may be made to give maximum 
torque at zero speed — f.e. the moment 
when it is first switched into circuit. 
Also, by cutting out this resistance, step 
by step, the torque can be maintained 
at a high value throughout the whole of 
the starting period, so that a slip-ring 
type induction motor can be employed 
in a case where it has to start up under a 
heavy load. 

The added resistance in the rotor 
circuit can also be used for the purposes 
of speed regulation. When actually 
running, the insertion of resistance in the 
rotor circuit causes a reduction in speed, 
so that any speed can be obtained from 
zero up to full speed by this means. 
The method suffers, however, in the 
matter of efficiency, since reduction of 
speed in this way, wliilst reducing the 
output of the motor, does not reduce 
the input. What actually happens is 
that the energy which is no longer usefully 
employed in overcoming the load on the 
motor is now utilized in heating up the 
rotor resistances, and is therefore wasted. 
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The special faults which may develop, 
apart from those on any other motor 
(see Faults, Motors), are those associated 
with the brush-gear on the slip-rings. 
Each additional feature in the design of a 
machine is an additional possible source 
of breakdown, and therefore it is neces- 
sary that the slip-rings and brushes be 
inspected periodically to see that they 
are in proper working order, and to see 
that the brushes are renewed when 
occasion demands. The bruslies should not 
be allowed to remain in position when 
running, if brush-lifting gear is provided, 
as otherwise there would be undue wear 
on the brushes. See Induction Motor ; 
Squirrel-Cage Motor. 

SLOPE (of Thermionic Valve Charac- 
teristic). The steepness of a valve charac- 
teristic curve showing the relationship 
between two of the variable quantities. 
In the case ol the static characteristic 
curve of grid volts plotted against anode 
current, the slope expressed in milliam- 
peres per volt gives the mutual A.C. con- 
ductance (q.v.) of the valve. 

The slope of the anode voltage/anode 
cuircnt characteristic curve expressed as 
the ratio of cliange of volts to change of 
current gives the anode A.C. resistance 
(q.v.) of the valve. It is .sometimes called 
the " slope resistance." See Characteristic. 

SLOT. In all slotted core armatures 
(qjK) the multiple-turn coils lie, as a 
necessary consequence of the method of 
winding adopted, two deep in the slot, 
the right-hand side of one coil coming 
from one pole lying above or below the 
left-hand side of another coil coming 
from the next pole and .so on. Between 
the conductors lying in the top and 
bottom coils of the slot a considerable 
difference in potential always exists, 
owing to the fact that these conductors 
are brought together from points on the 
surface of the armature lying under 
different poles, and good insulation must, 
therefore, be provided between the top 
and bottom coils. The core must also 
be insulated from the conductors, and a 
sectional diagram illustrating the .slot 
insulation and di.sposition of conductors 
in the slot is given. The ratio of the copper 
in the slot to the total area of the latter 
is known as the space factor (q.v.). 

In order that the proportion of copper 
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SLOT. Fig, 1. Slot insulation for 500-volt, machine' 
Fig. 2. High-speed armature slot. 


to insulation may be as great as possible, 
it is nece.ssary to keep the number of slots 
as few as possible ; since, obvioirsly, if we 
use many narrow slots, we cannot get in 
as much total copper, owing to the 
necessary thickness of insulation lining 
the walls of a slot being the same in 
each slot, independent of the number of 
slots used. 

There is an objection, however, to 
grouping more than three elements of 
tlie winding in each slot, since commuta- 
tion cannot occur simultaneously on all 
the coils, and group sparking is therefore 
apt to reveal itself at symmetrical intervals 
on the commutator. See Armature ; 
Former-Wound Coil ; Winding, etc, 

SLOTTED CORE ARMATURE. There 
are three ways in which the armature 
conductors may be constituted relative 
to the iron of the tore. They may oc 
entirely buried in the iron, lying in holes 
within its mass ; or the wires may be 
entirely outside the iron as in smooth- 
core machines ; or they may be wound 
in slots in the armature core. The latter 
is the form ot construction usually 
adopted in modern armatures, the coil 
windings being shaped on formers and 
then inserted into the slots, the lower 
conductor in one slot being the upper 
conductor in a slot one pole pitch away, 
and so on. The slots are carefully insulated 
with layers of mica and presspahn, and 
the conductors held in by the overhang 
of the teeth at the top ot the slot, wooden 
wedges being driven in to tighten up. 
In addition, fine wires, well insulated 
from the conductors, are bound tightly 
round the hnished armature in bands. 

The advantages of the slotted core 
armature over other types include pro- 
tection against mechanical injury, re- 
duction in length of air gap, adequate 
ventilation, facilitated winding and acces- 
sibility for repairs to conductors. In 
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liigh-speed machines special bottle-shaped 
slots retain the coils in place against the 
high centrifugal forces set up. See Arma- 
ture ; Slot ; \Mnding, etc. 

SMALL BAYONET CAP (S.B.C.). In 

both the bayonet and Edison screw types 
of caps (q.v.) a smaller external diameter 
for the size of the caps has been stan- 
dardized lor use when smaller sizes of 
bulbs are required tor special purposes. 
For such lamps the B.(\ type ('aj)s known 
as S.B.C. are ^ inch in diameter, widening 



SMALL BAYONET CAP. Full-size comparison of 
small bayonet, small Edison screw and miniature 
Edison screw caps. 

General I'Aerttic (o . Lltl . oi Kngland 

to J inch diameter at tlie neck. Full-size 
comparisons ot the small bayonet, the 
small Edison screw and the miniature 
Edison screw caps arc gi\*en m the 
diagram. 

Such caps are extensively used for such 
small special lamps as iirc required b\’ 
miners, by surgeons,* for telephone switch- 
boards, for automobile head lights, electric 
torches, etc., some of which are illustrated 
under the heading Lamps. See Bayonet Caj). 

SMALL EDISON SCREW (S.E.S.) CAP. 

See Small Bayonet ('ap. 

SMEE CELL. A primary cell having 
electrodes of zinc and platinized silver, 
with sulphuric acid for electrolyte. TJie 
cell now finds no applications. 

SMOOTH CORE ARMATURE. In the 

old smooth core type of armature, now 
obsolete, the armature conductors were 
wound entirely on the surface and 
outside the iron of the core. To maintain 
these conductors in position against the 
centrifugal • and magnetic drag of the 
rotating armature, driving wedges of hard 
wood were inserted at intervals round the 
periphery, the inner ends of the wedges 
usually passing down between the core 
discs into approf)riate spaces. Another 
method consisted in placing at intervals 
strips of hard fibre of the full length ot the 
armature, the inner edges of the strips 


being recessed in keyways cut in the 
surface of the armature core. This 
method wasted some of the space in the 
active transforming zone of the machines, 
to avoid which some manufacturers 
replaced the non-conducting driving strip 
by a specially deep conductor which, 
projecting down into the iron bed, helped 
to give the rc(]uired mechanical drive. 

In all these ca.ses binding wires were 
essential to counteract the effects ol 
tangential drag. These were insulated from 
the copper and iron by a layer of insulating 
tape, and then by pieces of mica. 

The smooth core armature was v^ery 
expensive to wind, was mechanically 
inferior to the present sktted type, and 
had other disadvantages. It needed a vast 
increase in the weight of copper in the field 
exciting coils, on account of the great 
length oi the air gaps between polar 
face . and armature core. See Slotted Core 
Armature 

SMOOTHING CIRCUIT. A circuit that 
removes or suppresses ripples or unwanted 
electrical imj)iilses from transmission 
Irom one ])art ot a svstem to another. 
For such circuits see Battery Eliminator 
and Filter: also Rectifier. 


SNYDER FURNACE. An arc-operated 
electric furnace designed to work from 
.single-phase alternating current. The 
electrodes are vertically erected, the lower 



SNYDER FURNACE. 
Diagrammatic section. A 
and B are electrodes, B being 
embedded in the hearth. 


one being of steel, 
water cooled, and 
embedded in the 
hearth. The capa- 
city of this furnace 
is about three tons, 
and none larger 
seems to have been 
constructed on this 
de.sign. The furnace 
oj^eration is shown 
in the d i a g r a m. 
There is nothing 
complicated in the 
construction of this 


furnace. The mechanical and heat 


requirements are matters of design only, 
and do not affect the principle of operation. 


SOCKET. Sockets are complementary 
to plugs. The variety of sockets natur- 
ally follows that of plugs, under which 
heading a selection ol different forms is 


jioS 




SOLDER 



Hven. and here others, which are essen- 
tially complementary, are also shown. The 
iwo sets of illustrations should, therefore, 

he studied to- 
gether 

As wit! 1 plugs 
the standard is 
governed by 

H. S. Specifica- 
tions No. 372 
()1 KjjQ and No. 
54f) of 1034 . 
whilst they 
should he in- 
stalled in accor 
dance vv i t li 

I. E.E. Regs. 
607 (S and 132Q. 
The following 
extracts are re- 
p rod need by 
permission of 
the B.S.T. 

The means for |)ro(lncin^ the spring pressure 
(as between plug ami socket) shall bo an integral 
part of the so»:ket ))ortion 

Ri frss for Cntitart-hibcs 

The contact-tubes shall be rctessod 
insulating-base of the sock(‘t [lortion, 
cover shall be formcii so that it 
IS im})ossible to touch the contact- 
tubes imiritentioriallv 'Khe holes 
lor tlie pjus through the nisul.iting 
material for the 15-aTnpere socket 
at the point of entry shall not 
exceed o 3^0 inch («-6 iiim ) in 
iliameter, and toi the 30-ampere 
socket at the point of entry shall 
not exceed 0-375 inch (9-3 mm ) 
in diameter. 

Withdroival Pull 

The force necessary to vvithdiavv 
a test-plug as spctihed from a socket-outlet 
shall betwt'en the limits giv-eii in the Table 
I printed on the right above]. 



Socket contacts — 
Earthing, Neutral, 
Live. 


SOCKET. Fir. 1. Four-pin soc- 
ket with Minimax " bakelite 
hand-shield plug adjustable for 
all sizes of flexible. 

1 /* / uiiilbrr(j ,f SofM. Ltd 
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Fig. 2. Interlocked switch socket with slandara round 
pin plug (3-pin) (B.S.S. 546). 

M K Electric. Ltd 


Marking. 

All socket-outlets shall be indelibly and 
distinctly marked to inrheate that they are 
rated at 2 amperes, 5 amperes, 15 amperes or 
30 amperes respcctiv'ely. 

Socket-nutlets shall also be 
marked to distinguish the 
•ofitacts as indicated, which 
epresents a socket-outlet viewed 
rom the front. K represents the 
‘iirtliing contact-tube, L the 
ontart-tuhe lor the live con- 
Iiittor, and \ the contact- 
tube lor the m utral conductor. 

Plugs shall l)e maiked with 
lh«- letters I', 1 . and iV to indicate 
the pins Lorii's])onding to the contact-tubes in 
the socket -oiitlf't 

Sec four ICC I or ; Plug. 

SOLDER. An alloy used in making a 
permanent joint between two metals or 
other alloys. Solders arc composed for 
the m.iiii part of two metals, but small 
amount>> of other metals or substances 
may be added to give special character- 
istics. I'he solder used for any particular 
('ase must have a lower fusing point than 
that of either of the two metals it is re- 
([uired to join, hut if tlie best results and 
most tenacious joints are to be obtained, 
the solder used must be <ippropriate to 
tlie metals to be joined. Solders are 
divided into two main classes, 
.soft and Jiard, the former fusing 
at a comparatively low tempera- 
ture and the latter requiring a 
red heat before fusing. 

Soft Solders. Tlicse are com- 
])osed chiefly of lead and tin. 
The jiroportion of lead to tin 
determines the fusing point, 
which gets lower as the per- 
centage ot tin is increased until at 
()() per cent, tin and 34 per cent, lead it 
is 35()''’ F., after which turther increases 
in the |)erceiitage of tin result in a higher 
hising point. 'J'he proportion of tin in 
the solder determines its classilication as 
common, medium, or tine. Common solder 
emf)lo\ed lor most solt soldering work 
contains two parts of lead to one part tin. 

Hard Solders are iisixl where a liard, 
tenacious joint is reijuired. Tlie process ot 
haul soldering is also known as brazing, 
the solder then being called a spelter. The 
two terms are actiiaUy interchangeable, 
but. commonly, brazing refers to the 
lorming ol a joint by a him of brass and 



SOLDERING AND SOL DERED JOINT 


hard soldering with the use of silver 
solder. The latter is an alloy of silver, 
copper and zinc or brass, the actual per- 
centages varying with the nature of the 
work. For hard soldering a red heat is 
required, thus rendering necessary a 
blow-pipe flame. The advantages of the 
hard soldered joint lie in its tenacit}^ and 
its ability to withstand more heat than 
the soft soldered joint. 

Fluxes. The success of a soldered joint 
depends amongst other things upon the 
use of a suitable flux. This is necessary to 
prevent the oxidation of the heated metals 
and to dissolve any oxide that may form. 
The flux required will \’ary somewhat with 
the type of solder or spelter used and upon 
the nature of the metals to be joined. For 
general purposes, however, for soft solder- 
ing use “Fluxite," resin, or killed spirit, 
and for silver soldering burnt borax or 
powdered boracic acid. See Alloys. 

SOLDERING AND SOLDERED JOINT. 
Soldering is a method of consolidating 
a joint. It is the most commonly used 
method of effecting an electrical and 
mechanical junction between copper con- 
ductors by means of the adhesi\'e metallic 
alloy known as solder (g.v.) which con- 
sists of tin and lead. In the case of 
electrical work soft solder is used and is 
usually made up of a half-and-half alloy 
of the two metals, having a fusing tem- 
perature of 370"' F. 

Soldering is carried out by two distinct 
methods. One makes use of a soldering 
iron which is an instrument carrying 
at its head a block of copper bevel lecl 
towards a point ; this must be cleaned 
thoroughly (preferably with a file), treated 
with flux and “ tinned by melting a 
little solder over its face (when hot and 
clean) which adlieres to the copper, 
giving it a tinned appearance. 

The other method is “ wiping in which 
solder is applied b}^ being melted from the 
end of a rod of solder on to the joint to 
be wiped — usually lead sheathing — by 
means of a blow lamp, and is wiped on to 
the object to be soldered in a pla.stic state 
with a piece of moleskin, leather or cloth. 

In the first case it is u.sed merely as a 
means of ensuring perfect electrical con- 
tinuity, whereas in the .second place a 
certain amount of mechanical strength is 
given to the joint. 


In soldering joints by means of a 
soldering iron, the iron, when tinned, has 
a small blob of solder melted on to one of 
its surfaces (some soldering irons have a 
small nick cut into them to receive this 
solder), and the pool of solder is then held 
underneath the joint in the copper wire 
which has been previously bathed in flux. 
Capillary action sucks up the molten 
solder between the interstices of the joint 
and solders it solid. 

Generally speaking the essence of good 
soldering lies in the fact that the iron must 
be perfectly clean and must be well bathed 
with flux before the solder is applied to 
the hot iron in order to tin it. Each face 
of the iron should be tinned, so that there 
is no copper showing at any point where 
the final solder is to be applied for the 
process work. The object to be soldered 
mirt be cleaned perfectly in the same 
manner in the first instance by scraping 
or filing before the twisted joint is made, 
and in the second place by flu.x applied 
liberally after the joint has been made. 
It must be emphasized that the cleaning 
must be really complete belore flux is 
applied. A minute spot of grease or the 
faintest film of oxidized metal will pre\'ent 
good soldering. With properly cleaned 
and prepared surfaces, and an iron at the 
right temperature, the solder runs easily 
into the joint and the job is .simply, very 
quickly and neatly done. Excc.ss solder 
and an overheated iron wdth dirty .sur- 
faces will only make a botched joint. When 
the joint has been soldered solid in the 
manner described, it is as well to shake 
it or dust it over quickly while the solder 
is still in a molten state to remove any 
blobs of superfluous metal. 

It should be remembered that a well- 
made joint, particularly in the smaller 
sizes of cable, should be sufficiently strong 
before the solder is applied to withstand 
any stress which may be i)laced upon it. 
Soldering in jobs of this sort is not in- 
tended to increase the mechanical strength 
but merely to complete a perfect elec- 
trical contact between the copper surfaces 
to be jointed. 

While anyone with a certain amount 
of practice may learn to make perfect 
soldered joints of this sort, wiped joints 
are much more difficult, depending very 
largely on the correct temperature of the 
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important ; and so 
forth. The elements 
are usually of the 
wound-mica type, and 
must be firmly clamped 
in position both to 
avoid burn-out 
troubles and to secure 
good heat trans- 
mission. Connecting 
leads are brought out 
through the handle, 
6 ft. of flexible being 
the normal allowance 
for connecting to the 
supply point. 


SOLDERING IRON. Fig. 1 (a) For instrument work such as soldering hair springs; KlcctriC SOldcring 
(b) for seam soldering; (c) for filling crevices and butt soldering; (d) for plain work. 2Lj-0 made in a 

Dowsing Radiant Heat Co.. Ltd. 

. ... . , FiR. 2. Martindale Wide Variety of pat- 

metal, and should in general electric soiderer utiuz- terns and sizes with 

be loft to expert plumbers and fS^meVTlS^bil^fo; bits ’ specially shaped, 

jointers When a joint is to ^ SgrJir.rRl anSVorS."^ e.g. pointed, hammer 


metal, and should in general 
be left to expert plumbers and ^ 

jointers. When a joint is to 
be wiped the two surfaces of X 
lead to be jointed should be 
painted with blacking at a 
point beyond which it is ||l 
desired that the wiped joint 
should not extend. The soiling I 
of the lead in this way prevents I 
the solder taking beyond the ■ 
desired limit and a clean finish B 
to the wiped joint is achieved. 

However careful the work- 
man may be, splashes of solder ^ 

are apt to be scattered while 
a joint of any part is being 
soldered. Care should be taken , 
therefore, to keep the whole 
clear of any other electrical conductors or 
junction boxes where the pre.scnce of a few 
drops of solder might have evil effects. 
After finishing, a joint any adjacent 
bare conductors should always he ex- 
amined for such stray drops of solder. 

See Connexion ; Joint. 

SOLDERING IRON, ELECTRIC. An iron 
with an electric heating element embedded 
in the bolt. Its great advantage is that 
it is heated, and used, continuously ; 
there is no waiting to re-heat the iron or 
change it for another hot one when it gels 
cool. It is, therefore, particularlv well 
adapted to manufacturing work entailing 
a large number of soldered connexions, 
e.g. telephone apparatus ; in instrument 
manufacture where delicacy of work is 



sSrdenng. andfor use pointeu. hammer 

on A.c. supply only, or liatchct shape, to 

Martindol* EIrctnc Co . Lid particukr pUr- 

pose for which they 
are required. Light 
models, I to i lb. 
weight , are loaded from 
75 to 90 watts, while 
heavy industrial pat- 
terns, weighing 2.| to 
3jlb., may have load- 
ings 300 to 450 watts. 
The former con.sume 
less than unit per 


hour, and the latter J 
to i unit per hour. 
In industrial applica- 
tions particularly, provision for earthing 
is desirable, and 3-core cab tire flexible is 
commonly used. 

For complete safety step-down trans- 
former fed soldering irons arc to be re- 
commended, though the cost, due to the 
transformer, is considerably higher. The 
irons can be constructed for operation at, 
say, 25 to 50 volts, and the transformer 
ratio selected accordingly. Anotlier form 
of transformer-fed iron is illustrated in 
Fig. 2. This comprises a double-wound 
transformer, and a carbon electrode and 
solder holder are brought together to 
complete the secondary circuit, the arc 
melting the solder at the spot to be sol- 
dered. This equipment is especially useful 
i or jig soldering in radio work and the like. 
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An alternative method of heatin^^ 
soldering irons electrically is provided by 
a small muffle furnace in which ordinary 
irons are inserted to be heated. The heating 
element is contained in a fireclay chamber 
surrounding the metal tube into which 
the iron is inserted. Nickel clirome coiled 
wire heating coils are utilized. Single and 
twin bolt heaters are made, the former 
being suitable for coil winding and light 
assembly and the latter for general 
assembly work and seaming. See Joint. 

SOLENOID. A word of somewhat loo^e 
connotation which is generally used to 
describe a helical coil of wire with a 
central aperture which is u.sed for exciting 
an electro-magnet, and whose length is 
considerably greater than its diameter. 
Such a coil, when carrying direct current, 
has the properties of a permanent magnet, 
and the polarity of a solenoid is ascertained 
by the easily remembered rule that the 
direction of the magnetic flux is that in 
which a right-handed screw would move 
axially if rotated in the direction of the 
current flow. Thus, if looking at one end 
of a solenoid the direction of the current 
is clockwise, the far end of the coil will 
be a north magnetic pole. 

The magnetic reluctance of a solenoid 
is practically that of the internal core, 
so that the attractive force on a plunger 
within this core will be such as to tend to 
make the plunger take up a position 
central with respect to the length of the 
coil. If, however, the solenoid i^ sur- 
rounded by magnetic material, the electro- 
magnetic force on a plunger will be such 
as to tend to make the reluctance of the 
magnetic circuit a minimum. 

The solenoid type of electro-magnet 
comprises a coil in which a plunger 
moves in response to the electro-magnetic 
forces of either alternating or direct 
current. With A.C. the direction of the 
force is constant, but its magnitude 
oscillates at double the supply frequency. 
There is also, with A.C., a loss of power 
due to the formation of eddy currents, 
and, possibly, undesirable chattering. 
Direct current is therefore mo.st suitable 



SOLENOID. Fig. 1, How the polarity of a solenoid is 
determined is shown in this diagram. 
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Fig. 2. The lines of force represented above illustrate 
the magnetic field of a solenoid coil. 

for solenoid elect ro-magnets, rmd where 
the supply is A.C. it is not unusual to 
provide this direct current by means of 
metal rectifiers (q.v,). 

Solenoids are u.sed extensively in all 
patterns ol automatic .switchgear, and 
also for jirolectivc relays. Remote 
controlled oil circuit breakers are f re- 
fluent ly closed by heavy pattern direct- 
current-operated solenoids, while a solenoid 
is invariably used to trip such breakers. 
Solenoids are also used in manv j)attcrns 
of automatic starting gear for direct- 
current motors. In the sphere of automatic 
I)rotective devices we find .solenoids used 
for over-current and under- voltage trips 
or releases in motor contiol gear, and 
also in relays for duty of this kind. See 
.*\inpcTe-Turns ; Blow-out ; ( oil ; Coupling 
of Circuits : Flux ; Relay , Switch. 

SOLID SYSTEM (of Cable Laying). Lead- 
sheathed and armoured underground 
cables with paper insulation are now 
most reliable. I'lie freedom with wliich 
such self-contained cables ('an be trans- 
ported, laid, lifted and reifiaced lias almost 
rendered obsolete the solid .system of 
cable laying. 

The method is chiefiy as.sociatod with 
conductors protected by bitumen, or 
bitumen compound with or without 
vulcanized rubber layers of insulation. 
These cables are laid side by side in a 
creosoted wood or earthenware trough 
and run in solid with bitumen. At 
short intervals on the bottom of 
tlie trough are placed supporting 
bridges of cliina, hard bitumen com- 
pound, or of wood thickly coated 
with compound. The cables are 
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run out and carefully laid on these supports 
clear of the bottom of trough. Choosing 
a time free from rain or snow, the troughs 
are carefully filled in with layers of 
melted bitumen, and then thick tiles are 
laid as an outer cover over the top. 
These are held in position by the cohesion 
of the upper layer of bitumen. Bitumen 
is a most excellent and very permanent 


protector against corrosive moisture, and 
for such places as stable yards and the 
surface works of mines it well withstands 
the severe conditions. Obviously, the 
solid system demands skill and experience 
to secure good results. Bitumen has a 
tendency to flow, even at normal tem- 
peratures, and is therefore not suited for 
sloping tracks. 


SOUND FILM PLANT IN MODERN PRACTICE 

By N* H* Codling, D.F.H., Graduate I.E.E. 

This article is in two parts. The first describes the basic principles and general 
equipment of the most modem sound film reproducing systems. The second 
describes the individual systems of R.C.A. Photophone, British Thomson- 
Houston Co. and Western Electric Co. For other aspects of cinema electrical 
work see Cinema Plant ; Dimmer ; Projector ; Stage Lighting. 


Sound film plant is composed of two 
groups of electrical apparatus used for the 
production and the reproduction of cine- 
matograph films, accompanied by syn- 
chronized sound. The first group, known 
as the recording plant, simultaneously 
photographs the scene and records the 
sound in synchronism, this usually being 
carried out by a highly qualified staff in 
the studio. The second group, called the 
reproduction equipment, projects the 
picture on to the screen and reproduces 
the synchronized sound so as to create the 
illusion that a person on the screen appears 
to be actually talking, as in the original 
scene. 

Basic Principles 
Recording. Tlie various methods of 
recording of sound are fully dealt with 
under the heading Recording, and it suffices 
to state that the microphone currents 
after amplification are utilized to vary the 
intensity of either the wax im])rcssion on 
a disc or the intensity of size of a beam 
of light which is concentrated on to the 
film passing tlirough the machine at a 
constant speed of 90 feet per minute, in 
perfect synchronism with the film photo- 
graphing in the camera. Thus, the 
modulated current is converted into a 
modulated light beam which exposes a 
narrow strip of the film corresponding io 
the current from the main amplifier. 
This strip of J-inch maximum width, 
and known as the sound track, runs the 
full length of the film between the picture 


on one side and the sprocket holes on the 
other, and a point on the sound track is 
actually 14.V inches in advance of its 
associated picture, to allow for the film 
running through the picture projector 
prior to the sound head. 

In recording on disc (a method rapidly 
falling into disuse) extra large records are 
employed revolving at 33 J revs, per minute 
and capable of carrying the equivalent of 
1,000 feet of film (see Recording). 

Reproduction. The film is run through 
the reproduction apparatus at the same 
constant speed, and a small beam of light 
passes through the sound track as it travels 
through the machine. The sound track 
modulations vary either the intensity or 
the amount of light passing through the 
film according to the type of recording 
employed, t.c. variable density or variable 
area method. Examples and dimensions 
of the sound track for the tw^o types are 
illustrated in Fig. i. 

The modulated beam of light falls on 
a photo-electric cell (q.v.), wdiich converts 
it into a very w'cak modulated electric 
current. This is amplified by a small 
amplifier, situated clo.se to the cell in 
order to minimize extraneous noises picked 
up by the wires carrying the e.xtrcmely 
weak current. The current is next passed 
to a fader (described later), which serves 
the dual purpose of a volume control and 
also a change-over swatch to connect 
either of two projectors to the main 
airi])lifier. 

As far as the sound head is concerned, 
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SOUND FILM PLANT. Fig. 1. (a) Variable density; 
(b) variable area, sound track. Overall width of film 
IS 35 mms. Point on sound track is 14*5 in. in front 
of its associated picture. 

it makes little difference which of the two 
methods of recording lias been adopted. 
Three essential units are incorporated in 
the sound head, which is usually a three- 
chambered casting, containing in its 
respective compartments the exciting 
lamp and its optical system, the film 
gate together with rollers and gearing, 
and the photo-electric cell. Fig. 2 shows 
the lay-out of the sound head and pro- 
jector system. 

Exciting Lamp. A low- volt age lamp, 
with a single coil bar filament sufficiently 
strong to withstand fluctuations in A.C. 
supply, is used to provide a source of light 
which is focussed on to the film in the 
sound gate by means of a lens system. 
This lens system is sealed by the makers 
and should not be tampered with save for 
focussing the light by the adjustment 
screw provided and occa.sional cleaning 
with silk. Perfect focus of the light is 
required, and therefore the lamp should 
be kept perfectly clean, and, on occurrence 
of any discoloration of the surface or sag 
in the filament, should be replaced by a 
new one. 

Photo-electric Cells. These are fully 
discussed under their own heading (q.v.), 
but the same necessity for cleanliness 
applies. Perfect contacts and firm con- 
nexions of leads are also essential, the 
extreme sensitivity of the device rendering 


it one of the most susceptible and vulner- 
able parts of the system. Defective 
batteries or insufficient plate voltage will 
result in inefficient operation and possible 
distortion of the sound output. It is clear 
that the film itself must be kept in perfect 
condition, as dirt, scratches, dust or oil 
on the film will affect the modulated light 
beam falling on the cell window. 

Two projecting machines are necessary 
for the [iresentation of a continuous pro- 
gramme, since each reel of i.ooo feet of 
film lasts about eleven minutes, when the 
sound output must be switched over by 
means of the fader to the other machine, 
which has been started up with the next 
consecutive reel already in position. Witli 
care, the operator can effect the change 
without noticeable interruption of the 
sound or action of the film, and a con- 
tinuous programme made up of several 
reels of film can be projected. Similarly, 
in the case of 
sound on disc 
reproduction 
the magnetic 
pick-up trans- 
fers the signal 
rnodula 1 10ns 
on the wax 
into m o d u- 
latcd electric 
currents, which 
arc led ^o tlie 
fader. 

The general 
lay-out of an 
installation is 2 . simplified schematic dia- 

1 1 ^. gram of sound head and projector. 

shown in Fig. 3. 

From this it will be observed that the 
controlled modulated current on leaving 
the fader enters the main bank of amplifiers, 
where means are also provided for switch- 
ing in n on-synchronous equipment, such 
as is used for providing a musical pro- 
gramme during intervals and for an- 
nouncement purposes. 

From the fader, in both ca.scs, the output 
is then amplified by means of a voltage or 
high gain amplifier and finally by means of 
a power amplifier. The output of the 
power amplifier is taken to one or more 
loud speakers, usually situated behind a 
special type screen, which allows the 
sound to pass through it into the audi- 
torium and thus give the illusion that the 
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Fig. 4. (a) Top half of reproducing amplifier rack with front plates removed 

to give access to valves. (b) Rear view of lower half showing resistance 
elements, etc. 

Court esu of RCA. Chotophone, Ltd 


sound is coming from the 
source as shown on the 
screen. A small speaker 
is used in the operating 
box by the operators for 
monitoring purposes. 

Amplifiers. The ampli- 
fier equipment is usually 
divided into two parts, 
namely, the photo-elec- 
tric cell amplifier pre- 
viou.sly mentioned, and 
themain amplifying bank 
built up in standardized 
units, according to the 
size of theatre for which 
the installation is de- 
signed. The circuits iol- 
lowed arc those employed 
in the output stages of 
radio receivers as de- 
scribed under Amplifiers 
{q.v.), straight circuits, transformer, choke 
or resistance collided, followed by push- 
pull stages, being generally adopted. The 
amplifiers with their associated equipment 
are mounted on vertical iron racks {see 
Fig, 4), each unit being enclosed in a 
metal housing. The main supply switch 
is usually incorporated on one of these 
racks or mounted close by. 

Power Supply. In this country several 
types of power supply are available, 
each requiring special consideration before 
it can be adapted to a sound-reproducing 
.sy.stem. For D.C. supply, either .shunt or 
compound driving motors fitted with 
s])ecial sjieed-governing devices arc em- 
ployed, and with A.C. synchronous, 
induction or repulsion motors. Syn- 
chronous motors have the paramount 
advantage ot constancy of speed so 
imj)oitant in sound systems. Ihnversal 
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motors suitable for any voltage and 
frequency aie manufactured for the non- 
synchronoLis equipment which is usually 
provided for playing gramophone records 
during the intervals. 

If the D.C. supply is not of the correct 
voltage a motor-generator set is installed 
comprising a motor running on the supply 
voltage coupled to a dynamo suitable for 
su])plying the projector motors. For 
.\.C. a voltage transformer is all that is 
nece.ssary. In some cases conversion 
from D.C. to A.C. or vice versa may require 
a rotary converter set. 

Loud Speakers. These are usually of 
the electro-dynamic coil type and are 
installed directly behind or at the side of 
the screen about two-thirds of the way 
up, it being found, in practice, that this 
height gives the best illusion. Exponen- 
tial horns, i.e. horns whose areas double 
at equal intervals along their length, 
with from 8 to i6 feet of air column, can 
be coiled up into a space about 4-5 feet 
square, and are found to have excellent 
directional and tonal qualities. As many 
as eight horns may be built up on racks 
behind the screen, facing in different 
directions to transmit the sound evenly 
throughout the auditorium. All the 
speakers must be matched, however, so 
that all field coils and voice coils are in 
phase, otherwise interference will result. 


Iiagram illustrating lay-out of projectors, amplifiers, 
loud speakers and non-synchronous equipment. 
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Acoustics. No matter liow excellent 
the reprodiicini^ ec|iiipmeiit may be. it is 
of little use when installed in a theatre 
with poor acoustic properties, 'rhoui^di 
the desi^m of the theatre comes outside 
the scope of the projectionist, he can con- 
siderably reduce excessi\-e reverberation 
in a Iiall by substituting surface materi.ils 
in convenient position> so tliat extra 
absorbinj^ power is attained. Slii?ht altera- 
tion of the direct K*n ot the loud .speakers 
often effects considerable im})rovTment in 
the reception for the audience. 

The Sound Film. Since a point on the 
sound track is 14?, indies in front ol its 
associated picture, the tilni must be care- 
fully threaded so that this leni^lh of him 
is maintained between the picture ap<‘rture 
and tlie centre ot the sound i^ate aperture. 
The method of loo|)ing the him is indi- 
cated in Fig. 2 . Six feet ot blank him, 
known as " the leader,” are provided for 
threading purposes, and when this has 
been run through and the driving motor 
has attained full speed, the fader is brought 
up to its requisite setting. Some films 
arc provided with change-over marks, luit 
it is advisable for the operator to work 
from a cue-shcct, which indicates when to 


“plop” at the joint which would other- 
wise occur in the loud speakers. 

Running and Maintenance. For starting 
up tlie show, thread the film as previously 
described, and close the main supply 
switch. See that the fader is off and the 
volume controls at normal setting. Note 
that the proper aperture plate is in tlie 
projecloi and that tlie film-disc switch is 
on lo ” film.” Start the amplifiers, taking 
care to allow tlie valve filaments time lo 
warm up before switching on the plate 
\'oltag(‘s. Turn on the exciter lamps 
.irid check the meter readings. See that 
the lens system is focussed by inserting 
a white (ard in the film gate. Strike the 
jiro](‘('tor arc and at the correiH: time start 
the |)roiector motor. When the motor 
leaches normal running speed, open the 
dows<"r, and at the cue lor starting sound 
.switch in the fader, bringing the volume 
up to its re(]uisitc IcvijI. An as.sistant 
amongst the audience should be in tele- 
phonic ronimimiccitioii with the operator 
to regulate the volume of sound. For 
stopjiing the reverse jiroccdure adopted. 

Fareful lubrication is essential for 
troul)le-irc(‘ o])i‘ration, and manufacturers* 
lubnctitioii charts sliould b(‘ followed. 


.start up the other projec tor and the instant Fig. 5 shows the \'arious oiling holes 
to switch o\'cr, a lew seconds later and indicates the requisite lubrication for 

Special care is recjuircxi in rc'windine aii R.C. A. sound head. The film side of tlie 
the lilm to kc'cp the trailing wheel iiom projector is shown, but similar oiling must 
overrunning tlie driven n*(*I. If this u< curs attended to 011 the opjiosite or motor 
or it tlic ten.sioii on the brake is too niiich. side of the [irojector. 

the turns of film will slip and .scratch the Finally, it mav be noted that, if trouble 
.sound track and the jjic'tun*. Tlie lilni occurs whilst giving the ^how, it is possible 
should be clc'aned during le- 
winding bv hcjlding a clean 
.>oft clcjtli against both sides 
of the film. 

When a break occurs, tlie 
sound track rec[uires s[jec ial 
treatment. If the tear les ilis 
in two or three pictures being 
destroyed, they must be re- 
placed by an equal iiumhcT ol 
trames of blank film, to main- 
tain synchronism. I'lie sound 
track is painted over with a 
half-moon for \'ariable-area 
recording, and a blunt ajiex 
lor variable density, black 
lacquer lieing used for the pur- 
j)ose. This avoids the sudden 
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to continue the performance by working 
on the other projector or cutting out a 
defective amplifier and raising the volume 
control. In case of film break or other 
emergency a foot brake is usually pro- 
vided, but it is important that this should 
be used only in an emergency. 

There are several important systems of 
sound film equipment employed in this 
country, all operating, however, on the 
same underlying principles already dis 
cussed. 

R.C.A. System 

Employs the " variable width " method 
of recording, the sound record consist- 
ing of a uniformly opaque strip of varying 
width along the sound track. The repro- 
ducing equipment is manulactured in many 
types and only general details can be 
given here. The type of sound head 
employed with small theatre equipment is 
illustrated in Fig. 5. A special imped- 
ance roller device takes out ripples or 
variations in film speed, ensuring that the 
film is pulled at a constant speed through 
the film gate. It consists of a flywheel 
attached to a free roller over which the 
film passes to the constant speed sprocket. 

Motors. D.C. projector motors are 
supplied fitted with a centrifugal regu- 
lating switch which acts on the principle 
of tlie governor to cut out resistance, 
thereby maintaining constant speed. With 
A.C. supply a motor generator set is used 
for conversion. 

Fader. For change-over from one pro- 
jector to the other, R.C.A. employ two 
methods, namely, (a) potentiometer 
method, (b) relay method. In the former 
a potentiometer (q.v.) is used simply as a 
change-over device and not as a volume 
control, whilst in the latter an instan- 
taneous change-over is effected by means 
of a relay controlled by two two-way 
switches, one on each projector. 0]:)erating 
either switch actuates the relay. In place 
of an attenuator, a “ compensator," which 
is a simple variable filter device, is incor- 
porated in R.C.A. equipment. By its 
means, if a film is weak in its upper fre- 
quency range, decrease in the lower fre- 
quencies may be effected to obtain a 
greater balance of tone. Improvements 
in recording generally render the compen- 
sator unnecessary nowadays. 


Amplifiers. These are carried on racks, 
from which all power is obtained for the 
amplifiers themselves, the photo-cell and 
exciting lamp circuit, and the monitor 
and stage .speakers. The apparatus is 
made up of a number of self-contained 
units, independent oj one another for 
jiowcr sui)ply. In common with other 
svstems they consist essentially of a volt- 
age amplifier followed by a power ampli- 
fier, screen-grid transformer coupling being 
emjdoyed. A special input jack is also 
provided for the connexion of a non-syn- 
chronoLis turn-table or other sjiccial circuit. 
These amplifier racks are designed for 
A.C. iio-\'oit 5()-cycle supply, and in D.C. 
districts a D.C. to A.C. rotary converter is 
required. Loud speaker field supply and 
exciting lamp supply panels are incorpor- 
ated on the amj)lificr racks. 

Loudspeakers. These are of the electro- 
dynamic cone type, consisting es.sentially 
of a specially designed six-inch cone, a 
loo-volt field, and a special throat 
arrangement with a four-inch square 
ojiening, which matches the opening of the 
directional baffle to which it is fitted. 
Three types of directional baffles are 
available, namely, the 37-inch, the 5-loot, 
and the lo-foot baffle. The latter was 
designed to give uniform response over 
the entire range ot audible freciuencies, 
permitting uniform and equal repro- 
duction Iroin 40 to 10,000 cycles. 

High Fidelity Equipment. This equip- 
ment is designed to reproduce a fre- 
(piency range from 40 to 10,000 cycles 
and to give a more life-like and natural 
reproduction than that obtainable with 
ordinary equipment. 7 'he modifications 
necessaiy to achic've these results include 
the use of a special ribbon microphone for 
recording, irnprovc'd amplifier and mechan- 
ical design, elimination of the sound gate 
and its replacement by a smooth drum 
witli free looj)s of film on cither side, and 
the dcvelo]>Tnent of a loud speaker unit 
wdiich when driving into a suitable 
directional baffle has a smooth response 
from 40 to 10,000 cycles operating at a 
relatively high efficiency. 

Troubles. The R.C.A. provide charts 
with their equipment enabling troubles 
to be quickly and easily located. 
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For convenience they are given in 
tabular form below : 

I. No sound. 

(a) P'ilni-disc switch or fader off 

(b) Exciting lamp reads zero when turned on. 

Lamp burned out or not turned in 
position. 

(c) Exciting lamp lights but no light at P.E. 

cell. Sound-gate aperture clogged. 

(d) No sound from photo-cell of either projector. 

but sound on disc. Defective photo-C('II 
or open photo-cell polarizing battery leads 

2. Poor quality. 

(a) Poor Him. 

(b) Dirt on film, sound gate or sprocket 

(c) Defective photo-cell 

(d) Sound gate open. 

(e) Worn sprockets. 

(f) Damping device out of adjustment. 

3. Unequal volume from projectors 

(a) Weak photo-cell. 

(b) Poor exciting lamp 

(c) Dirty sound gate. 

(d) Unmatched photo-cells or exciting lamps. 

4. Noises 

(a) Noisy photo-cell battery. 

(b) Voltage too low. 

(c) Guide rollers out of adjustment. 

5 Distortion. 

(a) Optical system out of focus. 

(b) Oil in lens assembly. 

(c) Cracked lens, etc. 

These charts are also applicable in many 
respects to other types of equipment 

British Thomson-Houston Co.’s 
System 

This equipment is specially designed 
for simplicity of operation and mainten- 
ance. Battery supplies have been elimin- 
ated and switches limited as far as possible. 
A motor generator set supplies iio-volt 
D.C. to the two projector motors and the 
loud speaker fields and to the D.C. side of a 
rotary converter, which feeds no- volt A.C. 
to the amplifiers. A .small 12- volt D.C. 
generator coupled to the main set supplies 
the exciting lamps. 

Centrifugal speed control ensures very 
close speed regulation, and the motor 
drives the projector through a gear-box 
which reduces the speed of rotation from 
1,800 to 800 r.p.m. The turn-table drive 
is taken through a tubular rubber coupling 
to the turn-table gear-box which reduces 
the speed to 33 J r.p.m. by means of a 
floating ” worm reduction gear. 

Sound Head. Consists of a thrce-cham- 
bered casting, the first chamber holding 
three exciting lamps on a turn-table, the 
second the optical system in which is 
created the image of the slit, and the third 
a Mazda calcium gas photo-electric cell and 


the cell transformer, which steps down the 
output to match a low impedance line, the 
output going straight to the fader. Calcium 
cells give a very large output and the pre- 
liminary amplifier is unnecessary. 

Amplifiers. These are standardized 
according to A.C. output, type B of 40 
watts output being suitable for halls of 
1. 000-3, 000 seating capacity, and type C 
of 10 watts output for small theatres. The 
amplifiers are housed in metal cabinets 
which contain everything in duplicate. 
Three-stage amplification is employed, 
and in type B the output \'alve has 1,000 
volts on the plate. Interlocking safety 
switches are incorporated to break circuit 
if the door of the cabinet is opened. 

Fader. A potentiometer type change- 
over fader is employed. 

Loud Speakers. Each amplifier feeds 
four loud speakers of the moving - coil 
type mounted with vSindanyo baffle-boards. 
The speakers may be mounted to suit the 
acoustics of tlie hall, and very little back 
stage .space is required. 

B.T.P. Equipment 

This is very similar to the B.T.-H. Both 
film and disc reproduction are provided for, 
the disc turn-table and synchronous motor 
being on separate heavy pedestals running 
parallel with the length of the projector 
stand. A vertical shaft, driven through a 
reduction gear-box, drives the projector 
head directly from the motor shaft. 

The sound head is provided with dupli- 
cate exciting lamps. The first stage ampli- 
fiers are mounted on the wall of the operat- 
ing box, in front of the projectors, the out- 
puts from the photo-cells being connected 
to these amplifiers by means of flexible 
cables. The main amplifier stands in a 
metal case in a suitable part of the operat- 
ing box. The output stage is arranged 
for 75 watts dissipation, having first and 
.second stages fed by batteries, but 
smoothed D.C. from the generator feeds the 
output stage. The equipment is complete 
with a three-machine motor generator 
set on one bedplate, driven by the available 
.supply. The first generator has two 
commutators, and provides high tension 
on one, and low tension for battery charging 
on the other. The second generator is a 
3-phase, 45-volt, 25-cycle alternator which 
gives supply for the 3-phase projector 
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Western Electric Co 



motors. Horn speakers, with g-ft. expo- 
nential horns, and porous or transoral General view of sound- 
screens are used as standard practice. shows the sound head; 

Control is by means of a double fader ^oind®. on^- dis^“® sys- 
and tone controller, and when working tems; (o thefiim-disc f 
with sound-on-film an additional volume switch, 

control enables the two machine outputs 
to be equally matched. 

Western Electric 
Equipment 

Employs the “ variable 
density '' method of recording, 
giving a strip of constant 
width but varying intensity 
along the sound track. For 
this reason the optical system 
is provided with a narrow slit 
which limits the width of the 
light beam. 

Motors. A.C. repulsion 
motors are adopted, necessi 
tating a special speed regulator 
known as a magnetic modu 
la tor. This consists of 
a small motor alter- 
nator set wliose fre- 
quency depends on 
the speed ol the motor. 

The rotor feeds one 
side of a transfoimer, 
whose other winding 
is fed with D.C. from 
Iwo half-wave rectifier valve 
D.C. current flow controls the choke 
effect of the transformer and so the 




torque of the rotor. Che valve emission 
thus controls the motor speed. 

Fader and Amplifiers. The fader is of 
the double potentiometer centre zero 
type. The amplifiers are mounted on a 
rack as in otlier systems, together with the 
switch for non-synchronous reproduction, 
and an output control panel for switching 
in individual loud speakers. Auto-trans- 
former tappings enable impedance match- 
ing to be maintained. 

Loud Speakers. Moving-coil exponential 
horn speakers are employed, with a 
i2-volt field. From one to three horns, 
each of 14 feet developed length, are 
used, depending on the requirements of 
the auditorium. 

The horns are constructed of wood or 
metal, and are so folded as to occupy a 
space only 4J feet square. The receiver 


unit diaphragm is cup-shaped in the 
centre to give the diaphragm extreme 
rigidity. From one to four receiver units 
may be used with each horn, and one to 
three horns may comprise an installation. 

Batteries. A charging panel located 
near the batteries enables an auxiliary set 
to be charged, whilst one set is in opera- 
tion. Tungar bulb rectifiers or motor 
generator sets are provided for charging. 

Wide Range Equipment. A special 
equipment now increasingly used for 
reproducing a wider range of frequencies 
than the standard equipment. Special 
high- and low-frequency horns are pro- 
vided, and the outfit is modified to include 
a special filter circuit to supply the 
respective units with high, middle and 
low frequencies. Improved amplifiers, 
sound gates and lens units are adopted. 
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SPACE CHARGE. A jcharge not ac tually 
('arricd by a conductor. In a thermionic 
\’alve, the current passing between the 
anode and cathode consists of a stream of 
electron':; omitted by the hot cathode or 
filament and attracted to the relatively 
positive anode. Now each electron is 
itself a minute charge of negative elec- 
tricity, and the resultant negative charge 
reprc.sented by all the free electrons in tlie 
inter-electrode s})ace is the spat e charge. 

The presence of this space charge in 
a diode, for instance, has a matked 
influence on tlie How of electrons and on 
the performance of the valve in general. 
Since like charges of electricity repel 
each other, it follows that those electrons 
which liave dejiarted Innn tlie cathode and 
are being accelerated towards the anode 
exert a rcpulsi\ e force on those just leaving 
the cathode, and for thi> reason manv are 
driven back again to the cathode. With 
low values of anode \ f)]tage iK'arh' all 


and la-actualh 


\ vil \ e 


no 


are driven back, 
anode current Ihjw^ 

In an amphtying 
in the form ot an 
interposed between 
and the field due to 
modifu'd to an extent depending <»n the 
potential applied to the grid. In this wav 
the anode current i> controlled l)y varia- 
tions of grid \'oltage, and the ain}difying 


a control grid 
open wire mesh is 
cathotle and anode, 
the space chaige i^ 


the vahe 
St'c Grid ; 


ire oased 


upon 



SPARK GAP Fig. 1. 
gaps are of various 


properties of 
this principle. 

Valve. 

SPACE FACTOR. The 

ratio of the amount of 
actual copper conductor 
in an armature slot, to 
the total space r)crupied 
by conductors and in- 
sulation, This rati o 
obviously decreases with 
the amount of insulation 
required, i.e. the higher the voltage tlic Ie.ss 
the space factor. The average value for a 
modern 200-voIt generator would be of 
the order of 0*7 or 075. See Slot. 

SPARK. A variety of sparks is here 
listed and defined. Tliey include Active, 
Arcing, Break, Disruptive, Jump, Make, 
Musical, Pilot, Quenched, Singing, Timed, 
and Trigger and Wipe sparks. 

An active spark is oscillatory and an 
arcing spark is a continuous discharge 


Here is a pair of conically shaped electrodes. 


across a gap and not a succession of 
separate active sparks. A disruptive 
spark is one occurring through a di- 
electric (see Puncture Strength), and a 
jump spark is one that may precede a 
main discharge, or that takes place be- 
tween conductors not usually provided for 
that purpose. Break and make sparks 
occur at the hammer contacts of an 
induction coil (q. 7 L), the break spark 
fieing more intense than the make. 
Musical or singing sparks occur in 
(crtain forms of arc discharger trans- 
mitters. A timed spark is such as that 
used in motor car ignition (q.v.). For 
(juenched spark see that heading. A pilot 
spark is a spark occurring in advance of a 
main spark, serving to break down the gap 
resistance. The trigger and wipe sparks are 
other names for pilot spark. 

SPARK GAP. A gap across which it is 
desired to produce .sparks. Three main 
uses exi t for these gaps. i.e. wireless 
transmission and certain diathermy (q.v.) 
apparatus, some electric funuice.s (sec 
Northrup Furnace) and in motor car 
ignition (q.v.). Gaps are' also used as 
protective devices against surges in line 
and delicate circuit networks, in magnetos 
and in H.T. induction generators. 

Function of the Gap. h'or deliberate 
spark })roduction, it is customary to use 
sj)hencal or .semi-splierical electrodes. Al- 
lernatix’ely, the main gap may consist of a 
series ot small gaps be- 
tween separating mica 
plates. The gap is llien 
known as a quenched gap 
as used in .spark trans- 
mitters and diathermy 
equipment. The function 
of a spark gap is to allow 
a charge to he impressed 
upon a condenser. The 
gap width is adjusted to 
correspond with the maximum safe cliarge 
the condenser is capable of sustaining. 
When this charge has been built up, the 
air or gas insulation between gap elec- 
trodes breaks down, a spark occurs and 
the condenser discharges. The width of 
the spark gap must be such as to prohibit 
arcing between the electrodes. If circuit 
constants are favourable, the discharge 
will be oscillatory (see Oscillatory Dis- 
charge) and will be sustained until the gap 



Electrodes for spark 
shapes and designs. 
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SPARK GAP. Fig. 2. 
Gap between electrodes 
of sparking plug across 
which spark occurs. 


potential falls to a 
level where even the 
ionized gas or air path 
between electrodes has 
too high a resistance 
to allow further sparks 
to pass. About 4,600 
volts are required to 
produce a spark across 
I millimetre in air, 
but there is not a 
directly proportional 
relationship between gap length and 
breakdown voltage, which depends upon 
electrode size, air pressure, humidity, etc. 

. Gap Shape. Plain discharge gaps must 
be spherical because high-tension electric 
charges tend to dissipate from points, 
and there would be risk of full charges 
not being built up. Conversely, gaps 
used for safety purposes are naturally 
made pointed, for early charge dissipation is 
sought. The motor car sparking plug, how- 
ever, through its smallness and low power 
of spark energy, has one pointed electrode, 
as shown ia the figure. This gap should be 
•025 or in. for coil ignition systems, while 
for magneto ignition *020 or in. is 
suitable. Too great a gapintroduces starting 
difficulties, and too small a gap may result 
in sooting or in oil bridging the plug points. 

In many cases where spark gaps are 
used in a positive sense, to allow high- 
tension charges to build up, it is customary 
to provide a safety point gap. This gap is 
fixed in parallel with the main gap and 
adjusted to provide a safety discharge in 
the event of the main gap being too wide. 
Absence of a safety gap in such circum- 
stances might cause a condenser breakdown. 

Sparking across air-gaps produces the 
poisonous gases, nitrous and nitric oxide 
and ozone. These gases have harmful 
effects upon insulation, especially rubber. 
See Horn Gap Arrester ; Puncture 
Strength. 

SPARK GAP FURNACE. The modern 
high-frequency induction furnace is usually 
either of the spark gap or thermionic valve 
type (q.v,). The former employ high- 
frequency currents generated by charging 
and discharging condensers. Their more 
important applications include high tem- 
perature research work, commercial melting 
of the rarer metals, making special dloys, 
and melting and heating in vacuo. 


A large range of frequencies may be 
obtained by altering the size of the 
furnace coU, and the standard Ajax 
Northrup equipment includes a special oil- 
cooled transformer to step the voltage up 
to that required for charging the conden- 
sers, spark gap, safety gaps, etc. The non- 
rotating spark gap is so designed that a 
quick cut-off is obtained at whatever part 
of the cycle the discharge takes place. 
It is practically silent, and the power 
expended in it is reduced to a minimum. 
See H.F. Furnace ; Northrup Furnace. 

SPARKING AND SPARK DISCHARGE. 

The discharge of electricity through a 
path which is normally non-conducting. 

Sparking may be accidental as in the 
failure of an insulator, or intentional as in 
the sparking plug {see Ignition). 

The term is also used to describe the 
arc that is formed when opening a switch 
that is carrying current, and at the brushes 
of a dynamo on load. 

Sparking may be due to the application 
of voltage to a conductor greater than the 
surrounding air can stand. On a high 
voltage overhead line there is an electric 
field surrounding the conductor. If the 
strength of the field is excessive, instead 
of a perpetual spark discharge there may 
be a corona discharge (q.v.). The insula- 
tors supporting the line are subject to a 
strong electric stress across their surfaces, 
and if they are allowed to become dirty 
there may be a continuous stream of 
sparks across their surface. If the insula- 
tion is lowered excessively, as it may be 
by the deposit of soot or salt, it breaks 
down completely. This is termed a flash- 
over (q.v.). 

If the insulation of a conductor has 
cavities within it, tliere may be continuous 
ionization or a minute spark discharge 
across them. This leads to deterioration 
of the insulating material, and great care 
is taken in the design and manufacture of 
cables (q.v.) and condenser type bushings 
(q.v.) to ensure that any cavities are 
filled with oil or compound. 

Sparking at switch contacts occurs 
when a current flowing through an in- 
ductive circuit is broken. If the current 
circulating in a field coil is interrupted, 
the collapse of the magnetic field generates 
a voltage which tends to keep the current 
circulating. This extra E.M.F. is gener- 
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ated as the contacts of the switch are just 
beginning to part. The heat produced is 
sufficient to melt and vaporize a part of 
the metal at the surface of the switch 
which forms an arc (q.v.) that may persist 
even with the switch wide open. Special 
means are therefore provided for sup- 
pressing the arc (see Circuit Breaker). 

The sparking at the brushes in commu- 
tators and the means of suppression are 
described under Brushes and Commutator. 

SPARK-OVER TEST. Flash-Over. 

SPECIFIC CONDUCTANCE (or Con- 
ductivity). The reciprocal of specific re- 
sistance or resistivity, measured in mhos 
per cubic centimetre. 

Specific Conductanxe of Metals and Alloys 


Material 

Mhos per cm cube 

Silver (annealed) 

0*708 X 10® 

,, (hard drawn) 

o*oi — 10® 

Copper (annealed) . . 

064 — 10® 

,, (hard drawn) 

0*6 1 — 10® 

Gold (hard drawn) . . 

0*45 — 10® 

Aluminium (annealed) 

0*38 — TO® 

Zinc 

0*173 — 10® 

Brass 

0*138 — 10® 

Iron 

0*11 — 10® 

Platinum 

0*091 — 10® 

Nickel 

0*081 — 10® 

Tin 

0*076 — 10® 

Lead 

0*049 — 10® 

German Sj I s er 

0*047 — 10® 

Platinum Silver 

0*0317 — TO® 

Platinoid 

0*0239 — 10® 

Manganin 

0*0238 -- 10® 

Manganese Steel 

0*0147 — 10® 

Reostene 

0*0127 ~ 

Mercury 

0*0106 ~ ID® 


SPECIFIC GRAVITY. Ratio between 
the weights of equal volumes of any sub- 
stance and of some other substance 
that has been chosen as a standard of 
comparison. The substance chosen for 
comparison as the standard for gases is 
hydrogen or air, and for liquids and solids 
water. The specific gravity of a substance 
is usually determined at some standard 
air pressure and temperature. Water, for 
example, is at its maximum density 
at 4° C., and specific gravities of solids 
and liquids, therefore, are usually taken 
at this temperature. 

Specific gravities of liquids and solids 
are generally determined by making use of 
the fact that a solid floating or immersed 
in a liquid loses weight equal to the weight 
of the liquid displaced. The solid is 
weighed in air and water by means of 
special balances, and from this the 


specific gravity may be obtained. A 
hydrometer (q.v.) may be used for liquids. 
Many special hydrometers are made for 
certain groups of liquids, as one hydro- 
meter cannot be made sensitive enough to 
give the specific gravity of any liquid. 

The following table gives the S.G. of 


common substances 

in daily use : 


Aluminium 


2-6 

Antimony 


671 

Brass 


8-1 

Copper 


8-79 

Glass 


2-89 

Iron (cast) 


7-5 

Iron (wrought) 


774 

Lead . . 


11*35 

Mercury 


13*6 

Nickel 


8.9 

Platinum 


21*5 

Sliver 


10*47 

Steel 


7.29 

Zinc 


7-19 

Graphite ... 


2*33 

Accumulator acid 


1-25 


The specific gravity of accumulator 
acid varies, however, according to the 
type of accumulator and the state of 
charge, the limits being af)proximately 
i*iio-i- 28 o. 


SPECIFIC INDUCTIVE CAPACITY. The 

ratio of the inductive capacity of a 
medium to that of air, or, more strictly, 
a vacuum. It is another name for 
dielectric constant, the specific inductive 
capacity of air being taken as unity. 
See Dielectric ; Dielectric Constant. 

SPECIFIC RESISTANCE. Resistance of 
an inch or centimetre cube of a conductor 
between opposite faces. The specific re- 
sistances of substances are tabulated 
usually at o° C., since resistance changes 
with temperature. When the specific 
resistance of a conductor is known, its 
total resistance can ])e calculated from 
the formula R=p//A where R is the 
resistance required, p is the specific resist- 
ance, I the length of the conductor, and 
A its cross-sectional area. 


Since wires are circular as a general rule 
in cross-section, the formula may be written 
where d is the diameter. 

The resistance R is measured in ohms 
per inch or centimetre cubed, / is the length 
in inches or centimetres, and A the cross- 
sectional area in square inches or square 
centimetres. 


Resistance varies with temperature, and 
the specific resistances of pure metals 
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increase with increase of temperature. 
For general purposes the resistance with 
increase of temperature may be calcu- 
lated from the formula Ri=R {i-\-at) 
where Ri= required resistance. 

R = resistance at o° C. as given by the 
table. 

/ - temperature above o“ C. in degrees. 

a = coefficient depending upon the 
metal, and assumed constant for 
each degree of temperature be- 
tween the temperatures for which 
the calculation is made. 

Full tables of the specific resistance and 
temperature coefficients of the various 
metals and alloys are given under the 
heading Resistance. Seo Ma.ss Resistivity. 

SPEECH AMPLIFICATION. 5^?^ Low- 
Frequency Amplification. 

SPEED CONTROL (of Motors). D.C. 
Motors. Fractional horse-power motors 
usually have their speed regulated by a 
series resistance, cutting down the voltage 
applied to the machine. This method is 
also applicable to universal motors, such 
as those used on desk fans and sewing- 
machines. If this method were applied 
to larger machines, a large amount of 
energy would be wasted in heat in the 
resistance. On shunt -wound machines 
speed control is usually accomplished 
by varying the field strength by means 
of a re.sistance connected in series with 
the field winding only. This method 
necessitates the use of interpoles on all 
but the smallest machines, in order to 
ensure good commutation at all .speeds. 

The usual method used on series 
machines is to weaken the field by means 
of a diverter This is a variable 

resistance connected in parallel with the 
field v/inding, so that .some of the armature 
current flows through this resistance in- 
stead of through the field coils, thus 
weakening the field. It is c.sseritial that 
a .series motor u.sed for traction should 
have a wide range of economical speed. 
In this case, therefore, as two or more 
driving motors are nearly always used, 
.slow running is obtained by having the 
motors connected in series, and fast by 
connecting in parallel, while the highest 
speeds are obtained by a di\'erter. 

Compound-wound (^.z;.) motors can 
have speed variation produced by a shunt- 
field resistance as in the shunt machine, 
or a series field diverter as in the series 


machine, or by both together. A number 
of special methods are in use, the under- 
lying principle of them being to apply a 
variable voltage to the armature, the field 
excitation being constant. This necessi- 
tates the provision of a special generator 
for each motor, thus increasing the cost 
considerably. A system of this type is the 
Ward-Leonard (i/.v.). 

A.C. Motors. Wound rotor induction 
motors can have their speed varied over 
a small range by inserting resistance 
in the rotor circuit, but the method is not 
very satisfactory. On larger machines, 
either of the wound or squirrel-cage rotor 
types, speed v^ariation can be obtained by 
changing the number of poles produced 
by the stator winding. This method will 
only produce two or three fixed speeds, 
and not a range of speeds. 

A.C. series motors can be controlled in 
the .same way as D.C. .series machines, or 
by means of a tapped transformer, this 
method being also applicable to commu- 
tator motors with shunt characteristics. 
The speed of this latter type of motor, 
and of repulsion motors, may be con- 
trolled by altering the brush position. 

Many methods of coupling mechani- 
cally two motors connected in cascade 
have been used, e.g, the rotor of one 
connected to the stator of the other for 
induction motors. Combinations of in- 
duction motor and commutator motor 
have also been developed to give a wide 
range of speeds, but the applications of 
these methods are limited to special 
requirements. See Motors. 

SPEED INDICATOR. Speed indicators 
are of u.se in many types of machine. The 
advantages of the electrical type of indi- 
cator over the mechanical forms are that 
readings can be indicated at any point 
within a distance of a few miles of the 
place at which the machine is situated ; 
over-running produces little harm ; an 
evenly divided scale can also be obtained, 
with fair accuracy at the lower end. 

Magneto Type. This instrument consists 
of a small magneto-generator coupled 
to the apparatus whose speed is to be 
indicated, and a voltmeter, installed at 
any required point. The voltage produced 
by the generator will be proportional to 
its speed, and the voltmeter scale is cali- 
brated in the units required. 
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The generator itself can be either wound 
armature or inductor pattern, the former 
only being used for generating D.C. In 
this case the commutator is made of 
special hard wearing material. The 
field is produced by permanent mag- 
nets, thus giving rise to the name magneto. 
The maximum speed of the armature or 
rotor is usually between 1,500 and 2,000 
r.p.m., a gear drive being incorporated in 
' the generator casing. 

The D.C. type will also indicate the 
direction of rotation, but the A.C. genera- 
tor is more robust, and is used cither in 
conjunction with a rectifier and D.C. 
voltmeter or a vibrating reed indicator. 

Eddy Current. If a copper disc is rotated 
between the poles of a magnet, eddy 
currents are produced in the disc tending 
to stop the rotation, and if the magnet is 
free to rotate it will be dragged round 
with the disc. By fitting a spring to hold 
the magnet back, it will only be displaced 
by an amount proportional to the speed, 
so that a pointer would indicate the spcecl 
on a suitably calibrated scale. Such indi- 
cators cannot be used for telemetering, 
but are chiefly used as speedometers. 

SPHERE GAP. Spark Gap. 

SPIDER : ARMATURE, COMMUTA- 

TOR. See Commutator Spider. 

. SPILL CURRENT. The current which 
appears in the relay of a differential 
protective circuit of the Merz-Price {q.v,) 
type when there is a fault in the main 
circuit protected. As long as the currents 
in the primaries of the two current trans- 
formers arc equal, the secondar}^ currents 
simply circulate between the two second- 
ary windings. I f a fault causes a difference 
between the two secondary currents, this 
difference is said to spill into the relay 
branch of the secondary circuit. 

SPINNER MOTOR. A variable speed 
pol5^hase induction motor of the cascade 
type. It is not used except for special 
purposes requiring a high power drive at 
variable speed such as ship propulsion. 

> The motor is provided with a rotor like 
an ordinary induction motor (q.v.). The 
rotor shaft drives the ship's propeller 
(or other mechanical drive). The stator 
under the influence of which the rotor 
moves can itself be rotated. It is driven 
'by the rotor of a second induction motor 



SPEED INDICATOR. Magneto type for flexible 
shaft drive. 

Weston Elect ncnl Instrument Co., Ltd. 

to which it is rigidly coupled. That is to 
say the stator of the first motor is built 
in one ])icce with the rotor of the second. 
The stator and rotor combination is called 
the spinner. Both fixed and moving stators 
are supplied with current from the main 
supply, the moving stator being fitted with 
slip-rings for current collection. 

The fixed stator has a different number 
(usually greater) of poles from the moving 
stator Clutches arc provided so tliat the 
spinner may either be locked to the fixed 
stator or to the rotor, or it may be allowed 
to run free. If the fixed stator is wound 
for N poles and the spinner stator for 
M poles, and if the frequency of supply 
is 50 the following speeds arc available : 

(1) The spinner is locked to the rotor. 
The rotor then turns at the same speed 
as the spinner : 

3000 

— ^ r.p m. less slip. 

(2) The spinner is locked to the stator 
and current is supplied to the slip-rings 
only. The speed of the rotor is then : 

3000 

r.p.m less slip. 

(3) The spinner is allowed to rotate. 
Current is supplied to the stator and to the 
slip-rings. If the spinner winding causes 
a rotating field in the same direction as 
the stator, the resultant motor speed will be 

3000 3000 

+ “m” less slip. 

(4) As (3), but with the spinner field 
rotating in the opposite direction, the 
speed will be 

3000 3000 



Reversed rotation can be obtained at 
all the four speeds. 

SPLICED JOINT. Term sometimes 
applied to any joint by which one piece of 
cable, whether of single or many strands, is 
joined to another piece of cable. In its 
proper sense, however, it refers only to one 
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category of joint in which the strands of 
the cable to be joined are splayed out into 
a brush formation and are then inter- 
meshed with one another, the individual 
strands from one cable being thereafter 
usually bound round all the strands of the 
other cable in a closely pitched spiral. 
The joint after being thus made is usually 
soldered solid. 

From time to time various systems of 
splicing cable are developed, but generally 
speaking the term may be used to cover 
any system of jointing in which individual 
strands are in the first place separated out 
and are subsequently intertwined with one 
another after the fashion of splicing rope. 

SPLIT CONDUCTOR PROTECTIVE 
SYSTEM. The use of current or voltage 
balance protection such as the Merz-Pricc 
system and others (see Protective Devices) 
makes it necessary to instal a number of 
pilot wires along the whole length of the 
line which is to be protected. Such pilot 
wires have certain disadvantages ; in the 
first place they are expensive, secondly 
they are liable to breakdown, and a fault 
on a pilot wire may result in interruption 
of supply ; this is particularly the case 
where pilots are strung on the same 
towers as the main conductors. Any 
accident to the latter is not unlikely to 
result in the pilot wires being affected 
also. The object of split conductor pro- 
tection is to obtain current balance pro- 
tection without the use of pilot wires. 

In the split conductor system each main 
conductor is split into two conductors 
which are lightly insulated one from the 
other The system is mostly used for 
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SPLIT CONDUCTOR PROTECTIVE SYSTEM. Fig. 1^ 
Split conductor protective system applied to one phase 
or a feeder. A, without split switches ; Bt with split 
switches. The arrows indicate the flow of current 
the instant after the switch / has been tripped by a 
fault F in Its vicinity. 
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cable feeders, and there are three methods 
of making such split core cables. Each 
core may be divided into two D-shaped 
cores ; alternatively each double core may 
consist of a circular conductor surrounded 
by a concentric annular conductor (split 
concentric con- 
ductor cable). 

Finally, a six-core 
cable with six 
similar round or 
sector-sh aped 
cores may be 
used. If split con- 
centric cable is 
used the inner 
and outer con- 
ductors must be 
transposed a t 
each joint in 
order to maintain 
the balance be- 
tween the two. 

If everything 
is properly 
arranged the 
currents in each 
half of each phase 
will be equal and 
will balance one 
another. If now 
each half of each conductor be led in 
opposite directions round the core of* a 
current transformer (F'ig. i, .^), no flux will 
be induced in it. If a fault occurs it is 
bound, in the first instance, to affect one 
half of a split phase before the other, 
thus unbalancing the currents and causing 
a flux in the core of the transformer. 
This induces a current in a secondary 
winding and trips the circuit breaker. 

In order to secure the best operation of 
split conductor protection it is necessary 
to carry the split through to the bus-bar 
side of the circuit breakers (Fig. i, B), i.e, 
provide each phase of the circuit breaker 
with two sets of contacts. The reason for 


Fig. 2. Application of biasBing 
to one phase of a split con- 
ductor protective system. 


this can be seen by reference to Fig. i, A, 
A fault is sup})osed to occur near switch i. 
The current through one half of the 
winding of transformer I reverses and 
trips switch I. Supposing that the 
switches are not split, the currents through 
transformer II do not reverse because 
both halves of the phase continue to 
supply the fault ; they do, however, 
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^‘6- 6- Connexions of the “ Injector ” split J i tH I 

I . , , |, conductor feeder protective system. OL ;] (ISCrKri I 

I -—" I 1^1 WXYY'ZZ'. — Split • conductor transformers J ^ I 1 tJl _ I I 

'It^i with tapped secondaries : O.C.B. — Oil- ’ 

i ■^T—* 1 immersed circuit breaker; aa. — Auxiliary T t 

switches to c'ose when O.C.B. closes; S.C. — I ■■ 

* Split-conductor relay ; O.L. — Over-current ft L___ 

'•p— ' relay; T. — Over-current transformer; R. — L- pS 

*""5^ |j « Star-point resistance; A.B.C. — Phases of 

rTBlP-COIL [ #‘#1 three-phase split-conductor feeder. r#-#1 TftIP-COILn T 

— ^ ■■ 7 J SEQUENCE OF OPERATION FOR A FAULT t ' 

- w ^ (POWER FED FROM P) : Trans- 

formers W and X simultaneously energize their respective S.C.s. ; O.C.B.s at P and S open. 

SEQUENCE OF OPERATION FOR A FAULT AT F, (POWER FED FROM P) : Transformer X energizes Its 
&.C. ; O-C.B. at S opens ; Tran^ormer X injects Into transformers Y and Y' ; Current circulates in split- 
conductor loops of phases B and C ; Transformers Z and Z' energize their respective S.C.s : O.C.B. at P opens. 

A, Heyrolle « Co.. Ltd. 
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breakers are employed at each end of the split conductor 
cable. These circuit breakers have ordinary contacts on 
the bus-bar side and double contacts insulated from 


each other on the feeder side as shown. 

I Itf II Hi! If »t Co , IJd 

become unequal by an amount depending 
on the impedance ot the transformers. 
If this be large the unbalance may be 
sufficient to cause trip)ping. If, however, 
the switches arc split (Fig. i, B), once 
switch 1 is open the whole of the leakage 
current must flow to the fault through 
one winding only of transformer 11 , so 
that switch II is tripped with certainty. 

Biassing may be applied to split con- 
ductor protection by connecting the 
secondary of the differential core to the 
trip relay by biassing cores, which are 
traversed by the main conductors (Fig. 2). 
The biassing is produced by the load 
current altering the saturation of these 
cores [see Protective Devices, page 971, for 
action of biassing transformer). See 
Network ; Protective Devices. 

SPLIT PHASE. Phase Splitting 

Device. 

SPLITTER SWITCH. An appliance for 
small house wiring installations which 
combines the functions of the main switch, 
main fuses, and distribution board which, 
till recently, were installed as separate 
components. The splitter .switch comprises 
a double-pole main switch, and two pairs 


of fuses, contained in a cast-iron case, 
usually with some interlocking device 
whereby the case cannot be opened till 
the switch is in the off position. Fig. i 
illustrates the application of the switch, 
providing four paths to sub-circuits from 
the double-pole main switch, each path 
having its own fuse. Fig. 2 shows a 
tvpical splitter switch with cover open, 
and the four fuses can be clearly seen. 
The two circuits provided for by the splitter 
switch 

have I I ■ " Feeds to 

been II 1 — . U ^ Sud- circuits 

found 
by ex- 
perience 
t be 
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SPLITTER SWITCH. 
Fig. 1. Connexions of 
splitter switch to 
mains and sub- 
circuits. 


ample for the great majority of small 
dwelling houses. further notes on its 
application under the heading Distribution 
Board ; also Fuse. 


SPOTLIGHT. A piece of lighting 
apparatus designed to project a narrow 
beam of liglit [see Floodlight). The spot- 
light is a member of the projector group 
[see Projector) and employs in its more 
usual forms a very simple optical system. 
It consists of a hou.sing, in the front of 
which is mounted a plano-convex lens 
(known as a condenser) ; centred behind 
the lens is a gasfilled projector lamp. 
The distance of this lamp from the lens 
can be varied, being mounted on a tra}'. 



1127 



SPOTLIGHT 


operated by a knob underneath, or some 
similar means. . The lens condenses the 
light from the filament into a beam, and 
if the lamp filament is situated at the focus 
of the lens, the image of the filament is 
projected. As the lamp is moved for- 
ward, so the image is put out of focus 
until the lantern gives a circle of light 
(spot) in which the filament image is barely 
distinguishable. As the lamp is further 
moved forward, the spot becomes larger, 
until a narrow angle flood is obtained free 
of any filament image. 

The spotlight lamphouse is generally 
made of such a length that the lamp is 
stopped before it reaches a point where 
the filament image is objectionable. As 
an aid to efficiency, a spherical reflector is 
generally fitted at the back of the lamp 
so that the filament is in the focus of the 
reflector. Thus a certain amount of light 
is reflected back through the filament to 
the lens. This reflector is set in a fixed 
position by the manufacturers ; a slight 
adjustment is provided for the lamp- 
holder to allow for variation in filament 
height. The other forms of reflector, 
mangin and parabolic, are not suitable 
for this purpose. 

The front of the lantern is fitted with 
runners to carry colour mediums or lens 
attachment to produce small, clearly 
defined spots. These attachments are 
provided with masks of various sizes which 
are focussed by an additional lens. 

Spotlights are made in various sizes to 
take projector lamps from loo watts to 
2,000 watts. Two forms of projector 
lamp are obtainable, the tubular, Class 
AI, and the round bulb, class B. The 
former is fitted with a filament that is 
optically more efficient while the latter 
is more robust and has a longer life. The 
t5rpe of work the spotlight is to be put 
to decides which should be used. 

More elaborate forms of spotlight exist, 
notably the “ Stelmar " and the Strand 
Double Focus,'' these being designed to 
make the utmost use of the light from 
the lamp. These spotlights may be fitted 
witK the 30-volt 30-amp^jre lamp with 
greatly improved results. 

Where more powerful illumination is 
required, particularly for following 
artistes on the stage over long throws, 
respit is made to the arc lamp. The 


principle is the same as with the gas- 
filled lamp ; the lantern, however, is much 
larger and better ventilated. Arc spot- 
lights vary from 15 amperes to about 150 
amperes, the latter being used for long 
front-of-house throws, and are mounted on 
heavy cast bases and fitted with various 
shutters, iris, barn door, etc., while the 
colours are changed by means of levers 
mounted at the back of the lantern. See 
Projector ; Stage Lighting. 

SPOT WELDING. One of three methods 
of applying resistance welding to two 
pieces of metal (usually when they 
overlap) by passing high currents through 
the two pieces at regular intervals along 
desired joint length. The joint produced is 
analogous to a riveted joint and can be 
applied under similar circumstances. See 
Welding. 

SPREAD FACTOR. Also known as 
Distribution Factor or Breadth Factor. 
The voltages induced in the separate 
coils of a distributed winding arc not in 
exact time phase, and their resultant is, 
therefore, less than would be given by a 
concentrated winding with the same 
number of conductors — i.e. a winding 
where the conductors of a phase are con- 
tained in one slot per pole. 

The ratio of the voltages produced by 
distributed and concentrated windings 
having the same number of conductors is 
called the Spread Factor. 

Spread factor = 

E.M.F. produced by distri buted winding 

E.M F. produced by concentrated winding 

It may be found for any form of winding 
by calculating the voltage induced in each 
cofl (full pitch coils being assumed) 
accommodated in a single pair of slots, 
and then adding vectorially the voltages 
produced in all pairs of slots over which 
the phase is distributed. The ratio of this 
voltage to the voltage which would be 
produced, if all the conductors were con- 
centrated in a single slot per pole, is the 
spread factor. 

SPRING SWITCH. 5 ^^ Switch. 

SPURIOUS RESISTANCE. The increase 
in the apparent or effective resistance of 
a conductor due to losses external to the 
circuit. For instance, when a conductor 
is associated with an iron circuit {e.g. an 
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iron-cored choke coil), and connected to 
an A.C. supply, it is found, in general, that 
a greater expenditure of energy is required 
to overcome the opposition to the passage 
of current than would be necessary to 
overcome the true or ohmic resistance of 
the conductor. This is due to the fact 
that energy is dissipated in the magnetic 
portion of the circuit, and these losses 
have to be made good by the electrical 
portion of the circuit. Because from the 
point of view of energy consumption these 
have the same effect as an added resist- 
ance in the electrical circuit, it is often 
convenient to consider them as such. 
The hysteresis losses in dielectrics have a 
similar effect on associated electrical cir- 
cuits at the higher frequencies. 

The increase in resistance caused by 
tne unequal distribution of current within 
the conductor because of voltages im- 
pressed or induced within it is not to be 
regarded as due to a spurious resistance. 
See Equivalent Resistance. 

SQUARE LAW RECTIFICATION. The 
type of rectification given by a device 
in which the current passed, or change of 
current, is proportional to tlie square of 
the ap)plied voltage. The rectifier charac- 
teristic is tlius a parabola as shown in the 
graph. In practice a triode used as an 


anode bend detector gives approximately 

square law 
rectifi cation 
for moderately 
low input 
voltages when 
the grid is 
negatively 
biassed just 
sufficiently to 
give zero 
anode current 
with no signal. 
The curve 
showing the 

The dotted parabola represents a chanEfe Ot 
perfect square law. Anode bend ® 

curve approximates to this at the anode Current 
lower end. plot ted agaffist 

change of grid volts from the initial bias 
value is almost parabolic over the lower 
p)ortion, as shown by the full line curve 
of the diagram. 

Although square law rectification is not 
to be recommended for reception of radio 
telephony, as it introduces distortion, its 
use is an advantage in certain classes of 
radio work relating to measurements, an 
example being the rectification of’ beats 
produced by two H.F. waves, to obtain 
a beat frequency free from harmonics. 
See Heterodyne ; Rectification. 
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THE SQUIRREL^CAGE MOTOR; CONSTRUCTION AND 

STARTING METHODS 

By Philip Kemp, M.Sc.(Tech.). M.I.E.E., A.I.Mech.E. 

The simplest and most robust type of motor, used for all purposes and made in 
sizes small and large, is here described. As an induction motor the principles 
of its action are considered under the main heading for its class. Induction 
Motors. See also Faults; Motors; Slip-Ring Motor; and for the basic theory 
Electro-Magnetic Machines. 


An induction motor having a per- 
manently short-circuited rotor of a par- 
ticular type. The rotor winding consisting 
of coils arranged in three phases, as in the 
case of the slip-ring type rotor, is now 
replaced by a much simpler arrangement. 
A squirrel-cage winding, or, as it is some- 
times called, a cage winding, is .scarcely 
a winding at all in the ordinary sense of 
the word. It consists of a number of 
straight bars, placed one in each rotor 
slot, these bars being all joined at each 
end by a ring of heavy cross-section, 
encircling the whole of the rotor or 
armature. I'hese two end rings serve to 


comp^lete the rotor circuit, and it is thus 
seen that the rotor circuit is permanently 
closed and always short-circuited on 
itself. 

The stator of a motor of this type 
consists of a ring of stampings with slots 
cut along the inner periphery, these slots 
receiving the stator windings, which are 
three in number, in the common case of a 
three-phase motor. 

The Rotor or Cage. The squirrel-cage 
winding itself is made of bars of relatively 
heavy cross-section, as also are the end 
rings, since it is desirable from the point 
of view of electrical performance that the 
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SQUIRREL-CAGE MOTOR. Fig. 1. 

End cover. Fig 2. Cast aluminium 

rotor. Fig. 3 Stator of protected type Witton squirrel-cagc motor. 
CUneral 7'Irctnr Co , Ltd . o1 rnnland. 


only about 2 or 3 mms. One bar is 
placed in each .slot, lightly insulated with 
a slot lining, 'flic end rings arc usually 
not insulated at all, beyond a covering of 
varnish, since they stand in mid-air, and 
are stiff enougli to 
need no support. 

In the case of in- 
duction motors with 
wound rotors, it is 
usual to have the slot 
sides made i)arallcl to 
each other, .since as 
much slot width is 
re(| Hired at the 
bottom of the slot as 
at the top in order 
tf> acconimoclale the 
\N inding whicli is pro- 
liabK’ ol the two- 
1 a \ r 1 V pe. Tliis 
(Io('s not apply in the 

]uirrel-cagc motor. ^ ^^1 s( J llil rol-t dgt* 

d. roloi wluTC there is 

()nl\ one conductor 


resistance of the winding sliould be as low 
as po.ssil)lc. The bars also should be 
bolted or riveted to the end rings, and not 
soldered, since it is at these points that 
high resistance may be expected, tins 
giv'ing rise to local ovcrlicaling, just at 
the very points where it is undesirable. 

The number of bars in the .scpiirrel cage 
is always chosen as a prime number, as in 
.such ca.ses " cogging " or “ tooth-locking '' 
is avoided. If the number of teeth on the 
rotor equalled the number on th(‘ stator, 
there would be one position where all the 
rotor teeth arc opposite to stator teeth, 
and the reluctance of the magnetic circuit 
in this position would be a minimum. In 
another position, teeth on the rotor would 
come opposite to slots on the stator, and 
in this position the reluctance would be a 
maximum. As the rotor moved round the 
flux would pulsate ajqireciably, varying 
between a maximum and a minimum 
value. This would give ri.se to irregulari- 
ties in the torque set up, thus militating 
agaiiLst .smooth running. Even w'hcn the 
numbers of slots on stator and rotor have 
a common factor, this effect is prc.sent to 
some extent, and therefore a prime number 
is chosen for the number of rotor bars. 

Tlie rotor slots arc made of the .semi- 
closed type, the slot opening usually being 


per slot, ^ince the c ross-sect ion of this 
('onchictor can be m.ide to lit the slot. In 
such rases the teeth an' madt' ol uniform 
wadth all the wav down, so as to avoid 
unnecessarily incn*iising the magnetic flux 
density near the tootli roots, this often 
being a limiting factor in designing a wound 
rotor The .slots now narrow' to the bottom, 
and tlu' bars arc shaped .iccordingly. 

In one design for small motors the 
.scpiirrel rage is o) aluniiniiini, the bar and 
end rings being cast in one piece after the 
rotor core is built 'I'liis is made jiossible by 
the low iiK'Iting point of aluminium. 

Methods of Starting. Double s(|iiirrel- 
cage rotors have also been developed to 
meet the need for a .s(pn‘rrel-cagc motor 
having a g(jod starting torque. The great 
disadvantage ol the s(|uirrcl-cage motor 
is that it cannot dev('lop sucli a large 
starting tonpie as the corresponding motor 
ol the slip-ring type, since added rotor 
resistance is nccc.s.sary lor this purpose. 
When two sf]uirrel cages are ])rovided, one 
is made with a low' resistance to give 
the necessary tonjue when running, w'hilst 
the other is designed to have a high 
resi.stance to give the desired starting 
torque. The second cage winding is placed 
in .slots underneath the upper slots, both 
slots having a narrow opening. 
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The stator windings are connected in 
star when the motor is designed for 
starting with an auto-transformer ((j.v.), 
in wJiich rase the suj^ply mains are 
connected to the three outer ends of the 
aulo-transformer windings, while the stator 
windings ot the motor arc connected tt> 
the intermediate tappings. An alternative 
method of connecting the auto-trans- 
former is to make use of the V connexions 
or open delta. In this arrangement only 
two windings are recjuircd on the auto- 
transformer itself, one end of each being 
linked to form a conunon point. This 
junction forms the (onnexion for one of 
the suf)ply leads, the other two supply 
leads going to th(' two free ends of the tw'o 
auto-transformer windings. Intermediate 
tapf)ings are taken from these tv\'o windings, 
these' two and a tliird lead coming from the 
common junction j)oint forming the three 
motor connexions. This method has the 
ad\’ant age ov(‘r that lirst described in that 
it is a cliea])er type of construction, since 
there are only two coils to be provided on 
the auto-transformer instead fd three. 

Star-Delta Starting. An alternative 
method of starting sejuirrcl-cage induction 
motors, one whicli has ('onie very largely 
to the front in recent v'ears, is the so-call(‘d 
“ star-delta ” method. Tlie general idea 
is that the stator windings ot the motor are 
connected in star during the starting j)eriod, 
and in delta when the full running speed 



SQUIRREL-CAGE MOTOR. Fig. 4. A 25 h.p., 
970 r.p.m., 50 cycle, squirrel-cage motor with drip- 
proof cover. 

British Thomaon-Uouston Co., Ltd. 


has been attained, this change-over being 
effected by means of a specially constructed 
switch. The principal object of this is 


Supp/y 



Moto 


Supp/y 


/ / / 




Motor 

(b) 


to reduce the 
otherwise exces- 
sive current that 
the motor would 
take at starting, 
were it to be con- 
nected directly 
to the line. The 
same is, of course, 
the case also with 
the two auto- 

Fig 5 Auto-transformer con- transformer 
nexions for squirrel-cagc motor: arrangements al- 
ia) star, \b\ V connexions . ^ . .. . 

ready described. 
When three windings are connected in 
delta on a three-phase system, the full 
line voltage of su])ply acts across each of 
the three windings, and moreover the line 
current is etiual to times the 

current in each of tlie three legs of the 
delta. With the same tliree windings 
connected in star, however, each winding 
receives only a reduced voltage. This is 

now equal to —=0-577 times the line 


voltage, and, furthermore, the line current 
is now only the current taken by one of 
the three windings, so that the line current 
IS only one-third of what if would be if the 
motor w'crc switched directly on to the line. 

To see how this works out in practice, 
consider a motor in which each winding 
takes 45 amperes momentarily when con- 
nected directly across the supply. When 
the motor is first switched into circuit, 
the stator windings are connected in star, 
and so each winding receives only 57-7 per 
cent, of the full line voltage. It will take, 
therefore, only 0-577 ^ 45 = 26 amperes 
when first connected, this being also the 
full current drawn from the supply, since 
the motor windings are now connected 
in star. If the motor had been switched 
directly on to the mains, each winding 
would ha\e taken 45 amperes, and so the 
total current drawn from the supply 
would have been i* 7 JJ X 45 ~ 78 
amperes, which is just three times as great 
as when connected in star. The steady 
full load current of this motor would be 
about 15 amperes, so that it is seen that 
the 78 amperes would certainly blow its 
fuses, or trip its circuit breaker, if this 
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were set to give efficient protection, whilst SQUIRREL - CAGE WINDING. An 
the motor could be arranged to stand 26 induction motor in which the rotor con- 
ampeiesmomentarily without damage. ductors are short-circuited on themselves 
The above arrangement might be com- is said to have a squirrel-cage winding, 
pared with that obtained by the use of an The conductors are usually composed of 
auto-transformer, the motor being fed heavy copper bars having their ends per- 
from a 60 per cent, tapping, a reasonable manently short-circuited by copper rings, 
figure. The stator windings of the motor The great advantage of such types of 
will now be connected in star, so that, winding lies in the inherently low resist- 
taking a motor of the same output as in ance and reactance of the rotor. When 
the previous case, the line current would such a motor is connected to supply a 
be 78 amperes when first switched into starting current will flow, four to seven 
circuit. When fed at 60 per cent, volts, times the full load current (increasing with 
this current is reduced to o*6 x 78 = 46*8 the size of machine), and the torque 
amperes, on tlie secondary side of the auto- exerted will be perhaps twice full load 
transformer, the current on the p)rimary torque. Reduction in starting current 
side being o-6 X 46*8 = 28 amperes results in considerable decrease in torque 
approximately. This compares very and squirrel-cage motors are therefore 

closely with the 26 amp)eres taken when only suitable for starting on light loads, 
operated on the star-delta system. As For duties where speed regulation is 
the latter arrangement is cheaper, tlie unnecessary and the starting torque is 
reason for its popularity is obvious. light the squirrel-cage winding is univer- 

Squirrel-cage rotors are exceedingly sally adopted on account of its cheapness, 

robust in their construction, and arc sub- robustness, high efficiency and high over- 
ject to practically no faults other than load capacity and the absence of external 
those of a mechanical nature (see Fault connexions to the rotor. See Induction 
Finding). Motor ; Squirrel-Cage Motor. 

STAGE LIGHTING IN THE MODERN THEATRE 

By Frederick P. Bentham 

This important branch of the electrical engineer’s work, while being of specialist 
nature and therefore discussed here by a specialist, is in part a development 
in a particular direction of the lighting work considered under the headings 
Floodlighting ; Illumination ; Lighting, etc., to which reference should be 
made. The stage switchboard in its most modern forms is the subject of a 
special section of the present article. See also Cinema Plant ; Cyclorama; 

Dimmer; Projector ; Spotlight. 

This subject is definitely a specialist holder. The front of the compartment is 
one and combines the technical with the fitted with a runner for colour frame and 
artistic. The apparatus in a large stage gelatine medium. The compartments are 
lighting installation falls into four groups : wired alternately on tlirce or four colour 
(l) Acting area lighting ; (2) the back- circuits, these circuits being further sub- 
cloth lighting ; (3) front-of-house lighting ; fused according to the length of the batten, 
(4) portable lighting. in order to comity with the I.E.E. 

The simplest form of stage lighting regulations. Each colour circuit is con- 
installation consists of rows of lamps of trolled by a switch, a dimmer and a pair 
different colours. These are suspended of fuses on the stage switchboard. The 
overhead and arc mounted along the front battens are suspended from the stage 
edge of the stage, the former being known by counterweight gear, 
as battens (q.v.) or borderlights, and the The footliglit is constructed in a similar 
latter as the footlight or float (q.v.). The manner to tlie battens. This apparatus 
latest and most efficient type of battens may be considered the foundation of any 
consist of a sheet steel housing divided stage lighting equipment, 
into compartments seven inches wide, In some cases the battens, footlight and 
containing a silvered glass reflector and a control board are the only permanent 
100 or 150 watt lamp mounted in an E.S. apparatus in the theatre, the remainder ’ 
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being hired for the particular production. vantageously be added to the permanent 
This is due to the fact that in most theatres equipment would be perch spots (spot- 

all over the country the management of lights or boomerangs), four or more 

the theatre is not directly responsible for i,ooo-watt spots mounted vertically on a 

j)utting on the productions at their theatre. barrel on each side of the proscenium 

The theatre is rented by an independent arch, focussed on any particular part of 


production company. The 
requirements of the various 
companies may vary so 
much that a comprehensive 
equipment would be far too 
expensive to make the theatre 
an economic proposition. 
Provision is, therefore, made 
for the connexion of tem- 
porary switchboards and ap- 
paratus. This takes the form 
of a “special effects” board 
fitted with quick connexion 
terminals. In provincial tour 
theatres a different set of 
temporary apparatus (toured 
by the various companies) 
is connected up each week. 



Use of Spotlights, 
paratus 


Ap- I^Ib* 2. Side view of dimmer controi panel at Royal Opera House, 

which might ad- 
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stage lighting. Fig. 3. The wcll-lit auditorium of the London Hippodromt, 


showing battery of balcony spotlights. 


Strand ricitric Co . Ltd. 


with maf;nctic ap- 
paratus by which 
tiic colours may 
be cliangcd from 
the stage board. 

Repertory 
Theatres. 1 n re- 
pt'i'torv theatres 
a (lift ere lit .system 
must be used. 
For tlie liglitiiig 
etjuipmeiil, like 
the cast them- 
selves, must cover 
a range of pro- 
flnrtions without 
additions. As ex- 
jienst' for scenery 
must be kept 
down a stylized 
setting is more 
usual. Here it is 


the stage. These used for creatin;L 
light and shade. 

When the artistes have to be picked 
out and followed, as in musical comedy or 
\’arictv, arc spots from the perches or 
front-of-house, or both are used. The 
perch arcs would work on 20-30 amjieres, 
the front-of-house 40-S0 ampcn'cs, or more 
according to the Icngtli of throw. As 
No. I batten hangs beliind the y>roscenium 
arch, when artistes are wcu'king down 
stage, that is, immediately below or in 
front of No. i batten, their faces depend 
lor their illumination entirely - 


that thecyclorama (.sct ( \'clorama) may be 
used with the grcMtc'-a eftect. With the 
cyclorama the lighting must be localized to 
an extent not pON^il)ie with the straight 
ty]H‘ oi installation aheady described. 
Wlien lighting this tyjie of stage it is as well 
to treat the c\’eloiama and acting area as 
two se])arate entities, ('ach entirely inde- 
pendent as n^gards lighting. On the ideal 
stage It should be possible to flood the 
cyclorama m one colour tind the acting 
area in another, without overlapping. A 
large re|)ertorv theatre such as the Shake- 
- " 1 


on the footlight, causing 
very unnatural shadows. To 
obviate these shadows light 
is projected from spots in the 
front-of-house. Tlicse are of 
1,000 or 2, 000- watt size and 
generally mounted in hous- 
ings on the circle fronts. 
Large theatres will be* 
equipped with sixteen or mon^ 
.such lanterns mounted both 
on the dress circle and upj)cr 
circle fronts. The function 
of the.se lanterns is to provide 
a light auxiliary to, or ni sub- 
stitute for, the footlight. As 
mentioned later, they are in- 
valuable when a cyclorama 
(q.v.) is installed. The.se 
lanterns are frequently fitted 
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speare Memorial Theatre is equipped with 
a set of battens and footlights as well as 
the special apparatus for the cyclorama. 

On the average re])ertory theatre stage 
one batten consisting of spots and floods 
for the acting area and one batten of 
floods for the cyclorama will be sufficient. 
This will be supplemented by spots from 
the auditorium so arranged tliat while 
lighting the actor’s face they do not 
throw his shadow on the background. 
These spots will deputize for the footlight 
and should never be less than i,ooo watts 
each. For No. i batten, 500-watt spots and 
500-watt floods will be suflicient. Each 
unit will be controlled from a dimmer. 
'I'he cyclorama for a small stage could he 
satisfactorily illuminated by twelve 500- 
watt floods from above, .six to the blue, 
three to the red and green. The floods 
will be mounted on a barrel and controlled 
Irom three dimmers. A much greater 
range of effect can be obtained when a 
ground row is u.sed as well ; it is con- 
structed on simil.ir lines to the footlight. 

Large Installations. In the ca^e of very 
large theatres pursuing a delinite produc- 
tion policy of their own, extensive in.stalla- 
tions to cover, as fai as pos.sible, all re- 
quirements are u.sed. 'I'he mo.st notable 
of thc.se in.stallalions as far as England is 
concerned is Covent (uirdcMi Oj)era House. 
The following is a brief deserijition of the 
installation at the Ojxaa House, an installa- 
tion which IS the largest in the British 
Empire. From this, it will be ])().s.sible to 
see the general ])riiiciples which govern 
the lighting of both cyclorama and 
“ .straight " stages. 

The majority of the lighting apparatus 
is mounted over the pro.scenium arch and 
includes the main bank of 1,000-watt 
floods in three colours for lighting the 
cyclorama ; No. i batten, which consists of 
1,000-watt spots and 5()o-watt floods, and 
a bridge which carries a number of 2,000- 
watt spots, 1,000-watl focus floods, optical 
effects projectors, and their operators. 
On either side of the arch there are plat- 
forms one above tlic other (known as 
perches) which carry special lanterns em- 
ploying a very elaborate optical system, 
in conjunction with a 1,000-watt lamp. 
These lanterns have replaced arcs for 
spotting purposes in this theatre. Spaced 
at regular intervals to the back of the 


stage follow Nos. 2-5 battens. These are 
of tlie magazine type previously described 
and are used with the border settings. In 
between the sections of these battens are 
a number of special acting area lanterns 
de.signed to illuminate the stage when the 
cyclorama is in u.se. These lanterns are 
of the narrow angle flood type. Midway 
between the cyclorama and the proscenium 
arch is a further bank of 1,000-watt floods 
designed to give additional illumination 
on the cyclorama at the point where it is 
furthermost from the main bank. The 
bottom lighting is achieved by 500-watt 
wide angle floods mounted on trucks con- 
nected together making them readily 
removable for .scene changing. 

In addition, the standard magazine 
footlight is installed, and a large number 
of dip ])lugs are available for portable 
apparatus, while three .special .spotting 
lanterns, using 30-volt, 30-ampere lamps, 
arc situated in the dome front of house. 
These lanterns are litted with electric 
colour change controlled from the stage 
board. The whole of the installation is 
controlled by dimmers (of which there are 
150) operated magnetically from a small 
control panel on the P. perch. 

It ('an be seen that the above type of 
installation covers both the requirements 
of th(‘ straight stage and the cyclorama 
stage. The di]) j)lugs are numerous and 
litted with various dimmers to feed the 
wing floods, hanging lengths and the rest 
of the miscellaneous lighting equipment 
required to illuminate the backings behind 
do(3rs, wings and other special lighting 
recpiired to overcome the peculiarities of 
each scene. Arc plugs are fitted for any 
oj)ti('al effect lanterns that may be used 
from stage level, and lastly independent 
plugs are provided for fires, lighting 
fittings, and other electrical properties. 
These plugs are installed in various 
strategic points about the stage. The 
whole of the main stage lighting is balanced 
over three phases with a separate D.C. 
supply for the arcs. 

Variety and Cinema Stages. There are 
left two types of stages whose require- 
ments are rather different from what has 
already been described. Delicate or realist 
effects have very little place in the variety 
theatre. The object here is to focus atten- 
tion generally, to the exclusion of all else, 
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on the performers, sometimes one artiste 
only. Therefore, the modern variety 
theatre installation provides arc spots for 
following from the perches, and also two 
or three or even more from the audi- 
torium. In this type of installation these 
spots form the dominant apparatus. 

In the modern cinema, stage lighting is 
regarded from a different angle. In the 
legitimate theatre, the lighting and setting 
is an accompaniment to the actor. In the 
cinema generally the light- 
ingof the setting is regarded 
as an attraction equal to 
the turn presented. Very 
often the lighting is used to 
provide the visual side of 
an organ interlude. Then, 
again, very little, if any, 
scenery is used, and the 
whole effect must be ob- 
tained by means of coloured 
light on a limited number 
of draperies. To aid this 
the usual battens and foot- 
lights are installed wired 
for four-colour circuits (red, 
blue, green and white) and 
severd triple 1,000-watt 
floods mounted on light 
movable frames. These 
floods are fitted with the three primary 
colours, and are used from the wings. 
The object of these floods is to put the 
high lights on the folds of draperies, etc., 
thereby making them alive with light. 
When artistes are introduced they are 
spotted from the projection-room. Fre- 
quently a super-cinema will put on a half 
an hour or so of legitimate variety. In 
the Regal Cinema, Edmonton, six fronf- 
of-house arc spots are installed. As there 
are two Brenograph effect machines, each 
giving, if need be, two spots, a total of 
ten arc spots can be brought to bear on the 
stage. Incidentally, this stage is fully 
equipped with cycloram a lighting, bat- 
tens, and footlights on a scale which 
dwarfs most legitimate theatres. This, 
although rather exceptional, applies to 
several of the big super-cinemas. 

The Stage Switchboard 

This term is used to cover the apparatus 
from which a stage lighting installation is 
controlled and includes the dimmers. 


This is the most important part of the, 
installation, and the type of board installed 
should not only be adequate for its present 
installation, but should be easily adaptable 
for extension. 

Direct Operated Boards. The com- 
monest type of switchboard is the direct 
operated, arranged in colour groups. A 
board of this type will almost invariably 
control the standard three- or four-colour 
stage installations consisting of battens, 
foot light and dip plugs. 

X X circuit switches and 

’ dimmers for each colour 
are grouped together. The 
circuit switches are sup- 
plied through a colour 
master switch, while the 
dimmer control handles for 
each colour are mounted 
on one shaft to which they 
can be locked for collective 
operation, by means of a 
quick-motion wheel or a 
slow-motion geared drive 
at the end of the shaft. 
Such a board will be dead 
front, the switches and 
dimmers being behind the 
control panel, operated 
by handles and rods. 

On a small board the colour master 
switches will be back of board type, but 
on larger boards owing to noise these must 
be contactor switches out of hearing of 
the stage. When contactor switches are 
provided to each colour they are usually 
controlled from two-way and off tumbler 
switches on the switchboard. One .side 
of all the two-way and off switches is fed 
through an extra one-way tumbler switch, 
and the other side remains live. This 
enables the operator to select his colour 
masters for blackouts. 

The dimmers and switches for certain 
dip plugs, spotlights, etc., are grouped 
together to form a separate bank generally 
painted black. Each individual circuit 
switch for this bank is of two-way and off 
type, one side being connected to a bus- 
bar fed from the independents master, the 
other to a live bus-bar. This enables the 
operator, by pre-selection of the switches, 
to black out the stage, leaving certain 
circuits on. This is frequently necessary 
as, for instance, where a character wiU 



STAGE LIGHTING. Fig. 5. Three- 
colour control for battens and foot- 
lights. 
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switch off a chandelier in a drawing-room 
set, leaving, however, a fire and a table 
standard alight. This effect requires that 
the chandelier plus the majority, but 
obviously not all of the stage lighting, must 
be blacked out. The switch that the actor 
works in view of the audience gives a light 
signal to the electrician at the switchboard, 
who, by previously switching certain 
circuits over to the live bus-bar, carries 
out this effect instantaneously from one 
switch, i.e. the master blackout. 

The handles of the dimmers on smaller 
stage boards arc locked together for master 
operation by screwing them down on to the 
shaft. On larger boards friction clutches 
operated by a quarter turn of the handle 
and fitted with some means temporarily to 
stop them gripping at either end of the 
travel, are fitted as standard. These arc 
known as self-release handles and enable 
dimmers to be brought up in succession 
without manually releasing the preceding 
handles from the shaft, thereby simplifying 
operation. They must regrip the shaft 
when it is reversed in order that should the 
producer require a repeat of a particular 
cue at rehearsal there shall be no delay. 
Frequently a pilot lamp is installed over 
each dimmer-handle, giving an indication 
of the intensity of light in that circuit. 

Remote Control. Where the number of 
dimmers and switches is such that a direct 
control board would be excessively long, 
resort is made to remote control. The 
circuit switches are of contactor type, 
while the drive of the dimmers is effected 
in two ways. Either each dimmer is 
provided with a reversible motor and 
reduction gear, or a driving shaft is con- 
stantly revolved in one direction by a 
motor and reduction gear, while the 
dimmers are connected by means of pairs 

Master BJackout 


I 

Siv/tcA colour 
masters 

Contactor 
Smteh Coils 

White Bed Blue Green 

STAGE LIGHTING. Fig. 6. Schematic diagram of 
wiring for control of contact or colour masters. 


of magnetic clutches to go up or down at 
the will of the control panel operator. 

These magnetic clutches are used in 
connexion with the Covent Garden Opera 
House switchboard. In this case, how- 
ever, a manual drive is used, the various 
dimmers being selected to travel up or 
down by means of two-way and off switches. 
The driving shaft is then put into operation 
by means of a quick-motion wheel or a 
slow-motion wheel. In this control there 
are two driving shafts, one for the colours 
and one for the independents. These 
shafts can be locked together for master 
operation. Indication of the position of 
the dimmers is given by electric indicator 
dials. These dials are so arranged that 
even when the current is switched off the 
dimmers by means of the circuit switches 
or the master blackouts, the dials con- 
tinue to indicate the position of the 
dimmer. A more elaborate control is the 
pre-set. The “ Major " multi-scene pre-set 
switchboard enjoys a great vogue in 
America. 

Pre-Set Boards. The pre-set board 
enables the operator to pre-select the 
lighting for several scenes by means of 
pilot switches. This lighting is brought 
into operation by means of one switch 
known as the scene master switch. Any 
type of pre-set switchboard which works 
circuit switches only is quite useless, as is 
also a pre-set board which operates the 
dimmers up or down. 

Modern production practice demands 
that coloured light be mixed, which means 
that each scene requires the dimmers to 
be moved to different intermediate posi- 
tions. In fact, the theatre electrician 
makes a practice of putting all his circuit 
switches on and working on the dimmers 
for his changes. Probably the most com- 
plete pre-set board at present available is 
the “ Strand." In this board not only 
may the positions of the dimmers be pre- 
selected for a large number of scenes, but 
the speed with which each individual 
dimmer moves to its new position can 
also be pre-set. The whole control is 
remote, being connected by a multicore 
telephone cable to the main bank. 

Hydraulic Control. There is yet another 
type of control which may be deemed to 
come under the pre-set category; this is 
the Strand Salaman hydraulic control. 

G4 
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In this type, the dimmers are operated 
by rams under oil pressure, the speed of 
dimmer trnvel being determined by \'alves. 
The dimmers can be set to travel at differ- 
ent s})eeds, the master val\'e is opened 
and the cliange takes place. 

This control gives a wide 
range of speeds, some being 
so slow that the complete 
dimmer travel would 
three hours, A board of 
this ty})e has been installed 
lor some years at the Royal 
College of ]\Insic, but its 
value in all but exceptional 
cases ma^’ be doubted. 

It is to be borne in mind, 
however, that there is 
considerable difference ol 
opinion as to the vaUue of 
pre-set boards. The number 
ol changes required during a jiroduction 
IS becoming so great that a pre-set 
to set up the lighting with entire auto- 
matic or semi-automatic control would 
not be jjractical. It is generally realized 
that a competent operator must stand 
by at each jierlurmance. Therclore, a 
compact portable control in full view 
of the stage is requirc'd which will enable 
the o])crator to carry out every possible 
light movement, and also to combine 
such movTuients so that they may be 
])erformcd simultaneously. 

Tracker Wire Control. In various 
theatres over the world, switchboards of 
widely differing designs are to be lound, 
each one rcprc>enting an attempt to solve 
the problem. In Germany, the larger 
theatre installations employ tracker wires 
very extensively. Not only arc the 
dimmers controlled from a remote point 
by means of Jong and compliccated tracker 
ware systems, but the colour .screens in 
front of the spotlights, acting area and 
other lanterns. Dissolving and masking 
shutters are also controlled by Ibis means. 
All these wires terminate in the control, 
which is sometimes situated under the 
footlights with an aperture which enables 
most of tire stage to be seen, but more 
generally from a perch on the side ol the 
stage. While this may be described as 
centralized control, all tracker wares cer- 
tainly terminating at the one point, the 
^que.s,ti/jn pf the control of the controls 



STAGE LIGHTING. Fir. 7 (left) 
Circuit for flexible board. Fir. 8 (ripht), 
double flexible board circuit. 


arises. This wall be discussed more fully 
later on. 

Tracker wire systems have the great 
fault that they arc very liable to give 
trouble wdiicli only constant supervision 
can prevent. This is 
generally due to the wires 
being too tight or too 
loose, the former causing 
them to squeak, the latter 
to override the guide pul- 
leys, etc. 

New Types of Dimmer. 

The arrival ot new types of 
dimmer itself, notably that 
employing the Thyraytron 
{(j.v ) tube or the variable 
choke, has led to the main 
considcaation in the matter 
of control being o\ erlooked. 
In the.se dimmers the ab- 
sorj)tion oi electrical energy by introducing 
ware resistance and turning it into heat, 
is u‘plac(‘d by a voltage control. This 
loini ot (limiiKT has the adxantage tliat 
it is economically sound, takes up a 
smaller space and lurtlKTinore, since such 
a dimmer opeiates by reducing the voltage, 
the load on the ])arliciilar diinnuT can 
vary a great deal without altering the 
dim. In the case of the Thyraytron tube 
the change ol xoltage is brought about by 
means of a .sni.dl rl](‘Ostat, and in the 
sinijile reactance choke, a .small variable 
re.sistance wTich occiijacs about a tenth of 
the sjiace of a st.mdard dimmer plate. 

The Light Console. However, as the 
number of dimmers on a large installation 
may be anything over sixty, the (luestion 
ari.ses how to control si.xty knobs, however 
small. Arrangements must l)e made to 
group the dimmers, circuit sw'itclies, etc., 
instantaneously so that as many oj)era- 
tions may be carried out by one pair of 
hands as possible. Such a control is the 
Strand Tight ('oii.solc, wdiicli is the latest 
and most complete lorrn of switchboard 
design. Briefly, the board ajqdies the 
modern lorms of organ control to the 
needs of stage lighting. It is the most 
comiiact ty])e of control yet designed, and 
will carry out any operation required : 
s])ecd control, po.sition control, switching 
control, instantaneously. It is connected 
to the main dinirncT bank by means ol a 
multicorc organ cable and a detachable 
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plug. The console is small, being 4 ft. 
wide, 3 ft. 6 ins. high and 2 ft. 6 ins. deep, 
and will control any number of dimmers 
to cover all possible net^ds. The console 
can be plugged up in the stalls next to 
the producer, for rehearsals, and in the 
orchestra pit or wherever desired to give 
the operator a lull view of the stage. 

The console o])erates on wire-wound 
resistances, chokes, or shutters in front 
of the lighting units (:is may be necessary 
if the new hot ('nthode tubes are used for 
cycloraina lighting) without any altera- 
tion in the torm ot control, as tar as the 
operator is concerned. 

Flexible Control. There is yet another 
type of switchboanl, the flexible control. 
There are various (in ])oint of tact, un- 
limited) tyiM's to be tound A good many 
ol these defeat their own ends by being 
so flexible that to master the boards 
recjuires concentration and a brain that 
are beyond the ]x.)wers of man to supply. 
The most famous m this country is in- 
stalled at the Royal College of ]\lusic, 
T.ondon. Here a highly ingenious switch- 
board h<is nr) complete circuits at all, 
the circuits being comu'cted up to include 
whate\'er is ret]uired by means of ])lugs. 
It provides endless j)r)ssibilities in theory, 
but if thi‘ electrician were absent no one 
could use it with any teeling of ease. This 
switchboard works in conjunction with 
the hydraulic' dimmer bank previously 
described. 

A simple but effective circuit , 
tor a flexible board is shown in | 

I'ig. 7. rhis ])rovides a plug for 
the outgoing paii to the lamps. 
vSorne ot these* jflugs would not 
be situated on the board itself, 
but in ('on\ement ])ositions on the 
stagr*. Also, a |)lug tor a dimmer 
to be inserted, whicli may be cut 
m or out l)y a tw'o-way .switch. An 
improvement can be eflected by 
fitting Rottemberg iflugs ; these 
j>Iugs enable* the dimmer to be 
l)lugged in without a flicker. A 
further imjirovement which gives 
connexion as re(]Uired on to a 
master dimmer is shown in Fig. 8. 

With a switchboard on these 
or similar prmcijiles, the lighting 
lor a stage can be catered for 
by a switchboard of a limited 


number of ways with a few dimmers f>f 
various wattages. Only those circuits 
required being connected up for a par- 
ticular scene and dimmers of the wattage 
needed can be inserted wdiere desired. 
This effects a great saving in cost ol 
installation. The board takes uj) less 
room than one with the full complement 
of dimmers. This tvpe of .switchboard 
IS extremely useful in amateur or little 
theatres where expen.sc and space arc 
im port an t con si( le ra t ions . 

STALLOY. Name given to a jiarticular 
type of steel, the predominant constituents 
of which are iron and silicon. , Other con- 
stituents include suliihur, manganese and 
carbon. A greater proiiortion of silicon 
has the eflecl of raising the .specific 
resistance, but also decreases the* los.ses 
due to hysteresis. St alloy is used in 
wireless work, in diaphragms of telephones, 
and also as laminae in the cores of .some 
transformers. By its use in the latter 
ca.se, the losses in a coia* ot gi\'en size 
working at a given flux density ma}' be 
only a fraction of those which would occur 
with ordinary iron. Sex Iron Loss ; 
Lohys, etc. 

STAMPINGS : ARMATURE AND 

TRANSFORMER. The armature core is 
built up of a number of thiii sht*et steel 
di.scs keyed on to tlie armature shaft 
and clamjied solidly together. In large 
machines, over 3 ft. in diameter, the discs 

' i 



STAGE LIGHTING. Fig. 9. Complete lighting control console. 
Courtesy of Strand Electric Co., Ltd. 
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are segmented and arranged so as to 
break joint in alternate layers. The thick- 
ness of these stampings varies from 14-25 
mils., and they are lightly insulated with 
varnish, paper, or merely a film of oxide, 
so as to lessen eddy currents in the mass 
of the core. The net section of iron in the 
core is therefore only about 90 per cent, 
of the gross section. The discs are slotted 
to receive the armature conductors prior 
to assembly, and no machine work other 
than light filing should be done after 
assembly (see Laminations). 

Similarly, to reduce the eddy current 
and hysteresis losses in transformers, the 
cores are built of thin sheets of iron alloy 
such as Lohys or Stalloy (g.v.). For 50- 
cycle cores, however, high resistance steel 
is commonly employed, the thickness of 
the stampings ranging from *014—02 in. 
With thinner plates the loss is decreased, 
but the space factor is lower and the cost 
of punching and assembly is increased. 
For insulation between the discs, paper 
1-1*5 rnils. thick is employed, though 
enamel or varnish is occasionally relied on. 


SOLID SWEATED JOINT 
AND SHEATH 


vulcanized 

RUBBER 



tinned copper 
sheath 


STANNOS WIRING SYSTEM. The particular feature 
it the tinned copper outer sheath acting as armouring 
and also as return conductor. 

High-silicon iron, being very hard, is liable 
to wear the dies and cause burrs. The 
stampings should therefore be punched so 
that the burrs are on the uninsulated side 
and burrs should be filed off to prevent 
short circuits between laminations. Clamp- 
ing bolts and side plates should also be 
insulated from the core. 

STANDARD CELL. Name given to a 
primary cell used for standard test work. 
Such a cell is designed to give a constant 
and reliable electro-motive force irrespec- 
tive of all local conditions, and it is only 
abated by temperature. Such a ceU is 


the Clark cell, and this is adopted by the 
Board of Trade as a standard in test work. 
The Weston cell is also a standard cell. 
See Battery ; Cadmium Cell. 

STANNOS WIRING SYSTEM. The 

leading feature of this system is the use 
of tinned copper strip as an outer sheath. 
It is applied in a special manner over one, 
two, three or four cores each insulated 
with vulcanized indiarubber and layers 
of paper. The copper cover is a good and 
permanent armour, and in the case of 
concentric wiring acts as the return con- 
ductor. The conductors are damp- and 
vermin-proof and the system is exceedingly 
neat and unobtrusive when erected, and is 
much more durable than most of the 
metal sheathed methods of wiring. With 
this system there is no appreciable 
inductive loss with alternating currents. 

Stannos wires are well suited for 
extensions to existing conduit systems in 
fine buildings where it is undesirable to 
disturb surfaces. The larger sizes are 
quite suitable for service cables, and in 
virgin soil can be successfully laid under- 
ground. Where the ground is made up the 
conductors are best taped, jute served 
and compounded. It is claimed that when 
Stannos cables are used as a concentric 
system they make up the least ex- 
pensive system in general use. 

On some jobs it is worth while to 
arrange Stannos wiring on the three-wire 
principle. The two inner wires are con- 
nected to the transformer secondary 
terminals and the sheath to a mid wire 
earthed tapping. The sheathing then 
serves as the third or neutral return and 
is earthed at various points vide I.E.E. 
rules. The lamps in such cases must suit 
half the secondary pressure. Stannos 
wires ordinarily range from i/*044 to 
7 /*o 64. Suitable tinned copper continuity 
fixtures, boxes, etc., are available. See 
Wiring. 

STAR CONNEXION. The star con- 
nexion of the windings of machines, 
transformers, voltage regulators, etc., is . 
adopted in A.C. working for various 
reasons associated both with the design 
of the plant and its operation on the 
system. Compared with a delta-connected 
winding, the star connexion permits a 
more robust winding, as for the same 
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STAR CONNEXION. Fig. 1. Three phase systems have 
common terminal for star connexion. Voltage per 
phase Is 58% of voltage between lines. 




Fig. 2. For mesh or delta connexion as shown, 

current per phase is 58% of current per line. 

current density the conductor section is 
73 per cent, greater and total space taken 
up by interturn insulation is less. For a 
given line voltage the number of turns 
per phase winding is only 58 per cent, of 
those in a delta winding. If the star 
neutral is dead earthed no part of a star- 
connected winding can reach a potential 
above earth greater than the star voltage, 
and the average potential to earth of the 
winding is one half that amount while 
the minimum potential is zero. 

On an unearthed delta-connected system 
the winding can be subjected to full line 
voltage above earth, under earth fault 
conditions ; under normal balanced voltage 
conditions the maximum voltage to earth 
is 58 per cent, of the line voltage, the 
average is 43-5 per cent., and the minimum 
to earth is 29 per cent, of the line voltage. 

The star and delta connexions are 
shown diagrammatically and vectorially 
in Figs. I and 2. These indicate the 
relative magnitudes of voltages and 
currents in the respective windings and in 
the lines connected to them. For the same 
line voltage and current the total power 
rating of the two connexions is the same, 
as shown by the following expressions : 

E 

star connexion : P-- — = x I X 3 = 3 El. 

I 

Delta connexion : P—E x — = x 3= 3 El. 

v/s 

All apparatus having magnetic circuits 
which are rated at commercial induction 
densities contain higher harmonic quan- 
tities in the magnetic or electric circuits, 
and of these the third harmonic usually 


is the most important. In a three-wire 
star connexion, third harmonic voltages 
are produced in each winding, and as they 
are in phase with each other therein a 
third harmonic voltage appears from the 
neutral point to earth. 

In the delta connexion, the third har- 
monic voltages are short-circuited by the 
delta so that third harmonic currents, 
which are in phase with each other in all 
three windings, flow around the closed 
delta but not in the line. These third 
harmonics serve to provide the necessary 
excitation required by the varying per- 
meability of the magnetic circuit. If the 
relationship between B and* H of the 
magnetic circuit was a direct proportion- 
ality (as in the case of an air circuit) no 
higher harmonics would be produced. 
By careful design, higher harmonics may 
be reduced to negligible proportions, how- 
ever. In transformers, one winding is 
usually delta connected in order to mini- 
mize third (and odd multiple) harmonics. 
Even with a delta connexion of one 
winding, third harmonic currents may 
flow on the star-connected side if the 
neutral be earthed and the connected 
lines possess appreciable capacitance. 

In the star connexion similar ends of the 
phase windings are connected to form the 
neutral point, i.e. the “ starts or the 
“ finishes " of the phases. 

In the delta connexion the ** start " of 
one phase is connected to the finish of 
another phase, and so on. 

The star connexion has the great ad- 
vantage that a neutral point is available 
for earthing and for a fourth wire for load- 
ing purposes. See Delta Connexion ; Har- 
monic ; Star Voltage ; Transformer, etc. 

STAR-DELTA CONTROL. Star-delta 
control is used for starting-up three-phase 
squirrel-cage induction motors in those 
cases where it is not permissible to switch 
the motor direct on to the mains. The 
line of demarcation between the h.p. of 
motors which may be switched on direct 
or to which star-delta (or other) control 
must be applied, varies according to the 
size of the supply undertaking and of the 
feeder or distributor supplying the motor. 
A limiting size of motor for direct switch- 
ing on is commonly given as 5 h.p., 
although some undertakings set it as low 
as 3 h.p., and others as high as 15 h.p. 
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Pure star-delta control consists simply 
ol a star-delta starting switch having two 
positions, in one ot whicli the stator 
windings of tlie motor are connected to the 
line in star, while in the other ])osition 
they are connected in delta. The first 
corresponds to the starting conditions 
and the second to the normal running 
conditions. Both ends of each stator 
phase windings lnn^l, of course, he 
brought out to separate terniinals in order 
that this nnahod ot control can be adopt(‘d. 

W'hen a squirrel-cage motor is switched 
direct on to the line, a rush of current 
ensues before tlie machine starts up, and 
the magnitude of this current is sim]il\’ the 
applied phase voltage divided by tlu‘ 
motor phase impedance, which latter is 
practically constant. It, then, a certain 
line voltage be imj:)ress(tl across stai' 
connected slat(^r windings, 
the line currtait is j)ropor- 
lional to n or5N percent, 
of tlu* line voltage, while if 
the windings be delta con- 
nected the line current is 
proportional to the full liiu 
voltage 


running position. In these diagrams it 
will be noticed the fuses arc arranged so 
as to be in circuit during running condi- 
tions only, in order that they shall not be 
subjected to the effects of large starting 
currents. Star-delta switches can, if 
necessary, be made automatic and fitted 
with the usual ON'crload and no-volt 
releases. 

-r ^ 

Tapping voltages > 
applied to / 

Stator 
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DiaErammatic scheme 


connexions tor startinR position in a star-delta starter. 


cent, greater than the Ime current t.iken 
l)y the star-('()nn(x ted windings. 

fleav'y current rushes m ihe Iint‘s pro- 
duce momentary \'oltage drops which 
may ha\'e undesirable (*ftect^ on lighting 
(onnected to tlie system, while in the 
extreme case, if numerous squirrel-cage 
motors w'ere switched on direct simul- 
taneou.sly, voltage drops ol such magni- 
tudes might be produced as to cause 
synchronous machines to fall out of step. 
Fig. I shows the diagram of connexions 
for the starting ])osition and Fig. 2 for the 


star-dE'lta starter, 
Auto- transformer 


In those (\iscs when* llu* initial 
a})plieatif)n of the suj)|)Iv \ollagt* 
to star-f'onneeted stator wa’ndings 
does not gue sufficient starting 
tonpie, an allcrnalua' to the star- 
(k'lta swatch is the anto-trans- 
formt r starter (^.c ). In tliis 
arrangemenl , w'hirli is illustrated by h'lg. ], 
the stator j)hase windings aie jxTmanently 
connected in their normal running mannc'r 
and the motor terminals are eonneeled tt) 
a vee-t'onneeted auto-transformer through 
a lap-clianging sw'ilch. The aiito-tians- 
lormer is })rovided with a nnmhei of 
tajipings, 3 or 4 in number, giving voltage* 
steps ranging Irorn about 40 ])c*r cent, to 
80 per cent, of full line voltage. 'J'lu* iTHHor 
is switched on to the line at the lowest taj) 
voltage and change is then made from 
lapping to tapping to obtain the necessary 
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STAR-DELTA STARTER Fir I. " Aulo- 
Momota '* push-button operated starter fitted with 
automatic change-over from star to delta connexion. 

Mulland Lhctiic Manufarlunnt} Co. Ltd. 

startin.i; tonjiio The ach’antaf^a\s of tins 
nictliod oi start ini; will be realized when it 
is rciiK'inbcrcd tlu* tonjiic is jiroportioiial 
to the s(juarc* of the ajijdied voUaJue. 'riius, 
if we call the starting tortjue at 40 per rent, 
ol line x’oilaiL^e, unity, the folJowini^ nda- 
ti\ e values en.siie : 


A})|)’(l \ oIIl; 
in <jI Jmc 

.10 

5« 

()(_» 

70 

So 

no 

1 00 

Ki lativi' ‘.tart’g 
toniMc 

1 0 

T .yj 

J 

3 

4 

5 



With the star-delta starter the relative 
torcpie (on tlie above basis) at startnii^ 
would be 2'()S, t c. onl\' one-third ol 
normal t nil-load tort pie ; if, as wath lartte 
inarhines, this is insiiffudent, the anto- 
transformer starter piovides the solution. 

STAR-DELTA STARTER OR SWITCH. 
Ap])aratus used tor startiiif^ three-phase, 
squirrel-cage induction motors which are 
too large to sw'itch direct on to the mains 



Fig 2. Oil - immersed ironclad starter fitted with 
ammeter and cable sealing box. 

./ (V '>l(i!lrr A Co . IJil 



Fig. xl. “ Memotn " manually operated starter 
suitable for squirrel-cage and certain other types of 
induction motors up to 10 h.p. 

Midlaitd rirct)iv Mainiftictui inrj Cn . Ltd. 

but not large enough to need higher than 58 
]XT cent, ol lull line voltage to dtwelop tlie 
necessary starting torque. The switches 
are genei.illy of tlie low' \ollage, air-break 
type, enelosetl in intdal housings, and, 
apart from the arrangement of contacts 
necessai'N^ for the cliange from star to delta 
interconnexions of the motor stator w'ind- 
ings, they are of standard construction. 

Thc\ may he fitted with automatic 
overload and no-volt releases if desired, 
and also w'lt h lii^es. Srr Indnrlion Alotor ; 
Star- Delta ('ontrol ; Starte r ;p 1150). 

STAR POINT. St.ir j)()int ol a system 
of any luimher of conductors is the 
common junction lormed wdicn the con- 
ductors are connected in star formation. 
The term usually is applied to A.C. 
thrcc-plnise and six- phase circuits, but 
is not necessarily coniined thereto. Gener- 
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ally, it is the windings of machines, 
transformers, reactors, voltage regulators, 
etc., that are star connected, and if the 
individual phase windings are truly 
balanced in dl respects, and not subjected 
to an external electrostatic or similar 
influence, the star point is at zero potential. 

Potential differences which might be 
present at the star-connected ends if 
they were isolated from each other, are 
neutralized when connected together, and 


hence the star point is also referred to as 
the neutral point. The star point of a 
system is often referred to, and while 
being quite correct to do this, the star 
point actually is formed by the common 
junction of the windings of the plant 
suppljdng the system. Star points are 
utilized for earthing purposes and for 
connexion to neutral conductors, for the 
supply to loads from each line terminal to 
the star point. See Earths. 


STARTERS FOR MOTORS AND THEIR DESIGN 

By C* Q Garrard, Ph.D„ A.Ain.LE.E., and C* J. O* Garrard, M.Sc. 

Since large motors cannot be started merely by closing a switch, the design, 
arrangement and use of starters is a subject of much importance. Here expert 
consideration is given to the subject in general terms. For details of each type 
of starter see the specific headings, as Auto-Transformer ; Contactor ; Drum ; 

Face Plate ; Liquid ; Star-Delta ; Switch, etc. 

The current taken by a machine a reducec’ voltage to the machine, which 
is limited by : (i) the resistance or is increased to the normal value as it 

reactance or both of the windings, (2) the speeds up. 

back electro-motive force of the machine. Miscellaneous Starters. These include 
Of these (2) is, of course, very much star-delta and eddy-current starters, 
the greater. When the machine is 
stationary, how- 
ever, (2) dis- 
appears, so that 
if the full voltage 
is applied to the 
terminals, prac- 
tically a short- 
circuit current 
flows. 

This is avoided 
by the use of 
starters, which 

limit the current during the running-up 
period while the back E.M.F. is building 
up. 

Types of Starter. Starters using 
Metallic Resistances. These consist of 
metallic grids or wire spirals connected 
in series with the motor windings and cut 
out or short-circuited successively by a 
contact arm moving over a series of fixed 
contacts. For starting polyphase induc- 
tion motors the resistances are usually in 
series with the rotor windings. 

Liquid Starters. Here an electrolyte, 
such as washing soda solution, replaces 
the metallic resistances. 

Transformer Starters. The starting 
current may be limited by applying 



STARTER. Fig. 1 Starting panel for O.C. motor 
with achematic diagram showing step by step operation. 
Ofneral Electric Co., Ltd., of England. 
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icdium-sized multiple contactor starter. 








Fip, 2 (top, left) 
■itartcr. When the ‘ 
main Imp contneto 


automatic star-delta 
’ button IS pressed the 
?s and connects the 
lediately followed by 
‘ star ” contactor to 
r a suitable pause, 
governed by the thermal timing device, the 
“ star ” contactor opens and the " delta ” con- 
tactor closes automatically, thereby accelerat- 
ing the motor to running speed. 


Fig. 4. An across-the-line contactor-type 
starter with low voltage and thermal pro- 
tection. Its application IS for push-button 
^ or automatic starling and stopping of 
squirrel-cage motors and single-phase 
self-starting motors which may be 
switched directly to the supply lines. 
Maximum capacity is 7\ h.p , 380 550 
volts, 3-phase. 

Fig 5. An across-the-line automatic motor 
starter, with low voltage and magnetic overload 
protection It is a “push-button “ automatic 
stfirter tor single-phase self-starting motors, 
two-phase and three-phase squirrel-cage motors 
An automatic starting unit complete in itself, 
the “start" and “stop" push-buttons are 
incorporated in the case. 


T 0 face haci 


STARTERS: A SELECTION OF TYPES OF AUTOMATIC MECHANISMS 

Courtibij laninic IClccttic Co . Ltd (tiffs 2. 4. and 5). and fur h'lff i, Him iitifirl, tJd 
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Starters Using metallic 
Resistances 

Face Plate Starters. This is the com- 
monest type of construction for D.C. 
motor starters. The contacts are fixed 
on a slab of insulating material, on the 
back of which the resistances may con- 
veniently be mounted. A pivoted arm 
carrying a contact at its extremity moves 
over the fixed contacts. The arm is held 
in the closed position against the pressure 
of a spring by means of a small electro- 
magnet shunted across the supply. The 
starter is thus returned automatically to 
its zero position on a failure of the supply. 
In order to ensure that when starting up 
the motor sufficient time is allowed on 
each step for the motor to accelerate, “step 
by step “ devices are used, see Fig. i. 
They usually consist of some sort of a rack 
which allows the arm to move unob- 
structed from the on to the oft position, 
but in the opposite direction necessitates 
the starter handle being rocked to clear the 
arm for its movement on to the next step. 
This type is illustrated in pages 488-89. 

The correct operation of a starter 
depends in the first place on the proper 
“ grading “ or proportioning of the resist- 
ances in the various steps. 

Grading of Shunt Motor Starters. In 
Fig. I ib) the steps of resistance R^, 
etc., are shown, together with the moving 
contact K, wliich .short-circuits them one 
after the other as it moves from left to 
right. The problem resolves itself into 
determining the values of R^, Rc, etc., to 
accelerate the motor smoothly. 

The maximum permissible value of the 
momentary current rush (Ij) on .starting 
may be between 1-5 and 2 In where 
is the normal full load current. If E is 
the supply voltage and R.^ the resistance 
of the motor itself, then Rj -f R^ = 
E/Ij where Rj is the value of the first 
step of resistance and I, the maximum 
permissible current. On closing the 

supply switch w'ith K at the extreme left- 
hand position, a current I^ will flow. The 
motor will turn and the current will 
decrease as the back E.M.F. increases. 
As soon as the current has decreased to 
some arbitrarily fixed value, say Ig 
(approximately equal to In), w’e may 
move the contact K to position 2. The 
resistance Rg must now be such that the 
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STARTER. Fig. 6. I|, R,, and Ra represented 

by OC, OP, OA, and AB, are set out to a convenient 
scale. CB is drawn cutting across the line representing 
■ a at D. DE is drawn vertically to cut the line 
representing I,, EB is drawn and so on, until finally 
the line KB cuts I, at L, which is vertically above A. 
The line OA has been made to represent ; the 
sections PD, DF, FH, HJ, and JL now represent the 
values of Rb. Rc. I^d. ^ei l^f- 


momentary rush of current is again Ij. 
A graphical construction for determining 
Rb, Rc, Rrt, etc., is given in Fig. 6. This 
method necessitates a certain amount 
of trial and error, and is only approximate. 
The grading of starting resistances is 
largely a matter of experience, accurate 
calculation being frequently impossible. 

Grading of Series Motor Starters. With 
a shunt motor, moving the starter blade 
from one contact to the next does not 
alter the back E.M.F. With the series 
motor, however, this is not the case ; the 
increase of current on passing from one 
step to the next increases the back E.M.F. 
It follows that fewer steps are required for 
a series than for a shunt motor. Fig. 7 
gives an approximate graphical method 
of grading, similar to Fig. 6. 


c £ G T 



t / , Fig. 7. Approximate graphical 

/ method of grading series motor 

,// starters. It. L. Rn and R^ are 

///' represented by OC, OP, OA, and AB to 
^ a suitable scale. S is marked off so that 

M”* ^ ^1 '* corresponding 

to I, and 0a the flux corresponding to I,. The construc- 
tion is then similar to that of Fig. 6, except that the lines 
DE, FQ, etc., pass through S instead of being vertical. 
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Influence of Load on Starter Character- 
istics. The abo\’e approximate metliorls 
of starter f^radin.q: assume that tlie motors 
start up light ; this, liowevcr, is 
by no means always the case. 5 4 3 
]\Tanv applications of electric I ^ 

drive demand either that the I ^ 

motor shall start up under load | ^ 

(f)iston })umps, looms, lifts, etc.), | 

or that it shall accelerate a ecui- 
siderable mass of rotating 
machinery (mill drives, maclinie 
shop shafting, convex ers, etc.) 

A tliirtl type of loading is that JPJ 
})roduccd by fans and centrilugal 
pumps, where the load fapait 
from the inertia of tlie Ian or 
pump rotor) is zero at tlie in- 7*^ 
stant of movement from le^t. y | 
but increases in proportion as the p • 
sj.)eed increases. Such circuin- ^ I 
stances must be taken into lUidHi 
account in designing the starter, 
in order to en>ure that the Drum 
acceleration is uniform, Contro//er 

A further point to whu'h 
attention mii.^t be ]xiid is the rating ol the 
starter. In some cases a motor is started 
perhaps twi('e a day or once a week ; in 

others sever <il 
times a minute. 

'I'he current- 
carrying and 
he.it -di s<i]>at- 
ing cajiacity of 
the resistances 
must be greater 
in the second 
than in the first 
case. Staiters 
a r u s u a 1 1 
specified to 
allow a certain 
number of suc- 
cessive starts 
against lull 
load torcjiie 
with a starting 
jieriod of a 
certain length, 
witlioLit exceed- 
ing a certain 
■ t tem])erature 


frequently oil immersed ; their capacity 
c.an thus be increased to almost any 
extent by increasing the volume of oil. 

\ ^ /^esfstance 


ol the 


Fiii 9 Cunnf'xion'. o* 

drum controller .irranKC’d 
ds rotor st.irler tor in- 
duction motor. 




Dotor 

Winding 


STARTER. Fig. 8. Interior of 
drum controller with blow-out 
coil and arc chutes. 

C EC . Ltd. of Enaland. 


Starters for 
heavy duty arc 


Drum Type Starters. Instead ol liax'ing 
a nuinlier of fixed cont.icts and one (or, 
in a three-jdi.ise .-tarter, tliree) moxxable 
contact arm, wc' m.i\- liax'e a number ot 
hxed contact lingers and arrange the 
contacts to move under them. We then 
liaxe a drum controller (<7."'.), mucii used 
111 traction work. 

Fig. 8 is the interior of a tyjaVal drum 
controller, and sliowsthe magnetic “blow- 
out.” I'his is a coil ('arrying the load 
current winch .sets up a magnetic held 
perpendicul.ar to the coni act linger. I'he arc 
formed on breaking contact is thus blown 
away from itspehnt of origin and quenc'lic'd. 

F'lg. 9 shows the connexions of a drum 
controller used for starling an induction 
motor. This is a “ developed diagram,” t.e. 
the drum is represented as if its surface 
were rolled out fiat, and is siqijiosed to 
move from side to side underneath tlie 
fixed fingers represented by circles. Fig. 10 
shows the connexions of a simple reversing 
controller for a series motor. 
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this the contactors are provided 
with coils which, when ener- 
gized, liold them open. Each 
of these coils carries the current 
of the contactor preceding it in 
the order of closing, as is shown 
in Figs. II and 12 . The result 
is tliat contactor 2 cannot close 
until the current in the first 
step has fallen to a prescribed 
value, and so on. 

For small shunt motors a 
vibrating relay is used, the coil 
of which carries the motor 
cuiTcnt. The motor starts up 
wath its fic'ld resistance in circuit, 
blit irnnu'diatelv the current 
exceeds a certain \ alue the relay 


STARTER. Fig 10. Connexions 
ot reversing drum controller 
starter for scries motor 


Supply 


h'or heav\' servK'c, as in rolling mill 
and ('rant' drives, the controller drum is 
used merely as a contiol organ, the ( irciiit 
being made and broktai by contactors. We 
havt', then, (ontactor starters the 

design of winch presents no })articular 
problems apart Irom those connected 
with tht‘ dc'sign of the compoiKaits. 

Lock-out Devices. In order to keep th(‘ 
starting current within the jux'seribed 
limits, a i)aiis(‘ must ht* madt‘ on eat h stej) 
ot the resistance to give the motor time 
to .iccelerate. The tinu* required m.iy 
\'ar\' ('onsiderably on di Herein occasions, 
so that il it Is lelt to the operator’s 
judgenuml he is liable to 


liable 

controller too (piu kly. 

I I ' 

Fif- 


To 


advance the 
luard against 


t± 


jmAn^mn|Lmrijirum| 




Fig. 11. A contactor starter : the bottom row of 
contactors being provided with current lock-out 
coils. Fig. 12. Schematic arrangement of Fig. 11. 

C i: Ltii , u/ England 

closes, increasing the held and reducing the 
current by short-circuiting the field 
resistance. The relay vibrates until the 
motor attains its normal speed (Fig. 13). 
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Automatic Starter. Instead of a drum 
controller, we may use a retarded relay 
to operate the contactors (Fig. 14). Here a 

bar is pulled up 
against a series 
of fixed contacts 
by means of a 
solenoid, its 
movement being 
retarded by an 
eddy current 
brake. Each 
contact controls 
a contactor, so 
that these are 
closed one after 
the other in 
series. The last 
contactor to 
close breaks the 
supply to all the 
others and at 
the same time 
cuts off the 
current to the 
this resets itself 


■X 




STARTER. Fig. 13. A vibrating 
relay used for starting a shunt 
motor. 


retarded relay so that 
and is ready for the next start. 

Such starters may be controlled by 
push-buttons which allow starting or 
stopping from any number of separate 
stations. 

Rotor Starters for Polyphase Induction 
Motors. If Er is the rotor phase voltage 
of an induction motor and R the rotor 
resistance, the momentary current in- 
duced in the rotor on switching on will be 


Rotor 


Res/stanccs 


Stator- 



1 



/~1 



llA 




U 


Stop 

Supply 

Fig. 14, Connexions of automatic contactor starter 
with retarding relay. 


Fig. 15. The curve A represents the variation of 
torque with speed with the slip-rings short-circuited. 
Torque is small on starting, rises to maximum and falls 
again to zero at synchronous speed. If resistances 
be now inserted In the rotor circuit the curve B is 
displaced towards the left. If resistance is increased 
still further we arrive at a value such tijat the maximum 
of the curve C is when the speed is zero. 

Ir=^^ The corresponding stator current 
(with locked rotor) will be 

k ^ E, 

where E, is the normal stator voltage. 
The stator current is thus inversely pro- 
portional to the rotor resistance, neglecting, 
of course, the magnetizing current and the 
reactance of the motor. We can there- 
fore reduce the starting current by re- 
sistances in series with the rotor. The most 
favourable value of resistance is such that 
the maximum of the speed torque curve 
(Fig. 15) occurs when the speed is zero. 
Its value is the difference between the 
rotor resistance and reactance (referred to 
line frequency). 

The construction and grading 
of starters for three-phase motors 
is similar to that for D.C. motors, 
except that three sets of resist- 
ances and three sets of contacts 
become necessary; the magnetic 
release is, however, not used. It 
is therefore customary to inter- 
lock the starter with the main 
switch so that this cannot be 
closed unless the starter is in the 
off position ; in addition, a contact is 
usually provided which trips the switch on 
the starter commencing to move back- 
wards ; arcing at the contacts of the starter 
is thus avoided. An oil-immersed starter 
incorporating these features is shown in 
Fig. 18. 

Unequal Grading of Starting Resist- 
ances. In order to increase the number of 




1148 




STARTER 


steps, one may grade each phase 
differently and arrange the starter contacts 
so that the steps are not changed simul- 
taneously on all three phases, but on one 
after the other in cyclical order. The 
resistance steps are then chosen so that 
if they were all on one phase they would 
each give an equal change of speed. 

Miscellaneous Starters 

Liquid Starters. The amount of power dis- 
sipated by a starter increases rapidly with 

the size of 
the machine, 
and with very 
large motors 
which are 
started 
frequently 
(blooming mill 
drives, mine 
hoists) the use 
of metallic 
resistances 
would lead to 
a very bulky 
and expensive 
construction. 
The use of an 
electrolyte as 
resistance pro- 
vides a solu- 
tion to the 
difficulty ; the 
high specific 
heat of water enables it to absorb large 
quantities of heat, and in addition the 
electrolyte can easily be cooled. There 
are two methods of construction, both 
of which are illustrated in the Plate facing 
page 772. 

In the first the fixed electrodes are 
mounted in insulated pots at the bottom 
of an iron tank. In the second the elec- 
trodes may be fixed and the level of 
the electrolyte varied, as by pumping the 
electrolyte continuously over a weir the 
height of which can be varied. See further 
under Liquid Resistances. 

Transformer Starters. These are much 
used, particularly for H.T. motors; it 
is easy to provide the transformer with 
tappings, the most suitable of which can be 
chosen for each application. 

In the interests of economy auto- 
transformers ig.v,) are invariably used. 





Fig. 18. Interior construction of 
an oil-immersed rotor starter. 

G i: C., Ltd , o1 Enuland 



nexions of auto-transformer 

starter where supply to motor is not broken during 
change from starting to running position. For starting, 
XX are closed and then opened and YY are closed. 
Fig. 20. Scheme of auto-transformer starter using 
three mechanical interlocked oil circuit breakers. 
Sequence of operations : close A, close C and at 
same time open B and subsequently A. 

k 

often in V connexion, which needs only 
two pha.scs ; oil immersion is usual. 

It is advantageous if the connexions to 
the tappings and the tapping switches are 
so arranged that the circuit to the motor 
is not broken in changing over from the 
starting to the running position. This can 
be done by the arrangement shown in 
Fig. 19. The contacts XX are opened 
before those at YY are closed. Fig. 21 
shows the diagram of connexions of a 


One 



ZI49 


STARTER 


transformer starter using contactors and 
controlled by push-button. Fig. 20 is a 
scheme used for large' motors in wliich the 
change-over from the starting to the 
running position is made by means of 
three ineLhanically intcTlocked nil switches. 
Closing switch A connects the motor in 
series with the transformer windings ; B 
closes the neutral j)oint of the trans- 
former and applies the tap volts to the 
motor. On closing C, R is automatically 
opened, and subsequently the transformer 
is short-circuited and the motor connected 
to the line. A furtluT interlock opens A. 

Star-Delta Starter. Tliis is an extremely 
simple and useful starter for three-pha^e 
(squirrel cage) induction motors of moder- 
ate size (Fig. 22 and ill us. jiage 1143). 

The motor is wound for ojieration with 
its windings connected in delta (Fig. 23). 
During starting the phases arc connecteil 
in star, so that the voltage applied to each 

phase becomes where E is the 
line voltage, and the current is correspond- 
ingly reduced. 

The connexion.s may be changed over bv 
contactors, in which ca^e the starter may 
be operated by a push-button. 

Where star-delta starters are used for 
motors which are protected by fiise^. it is 
desirable to cut tlie>e out during starting, 
so that they do not blow with the rush of 
current. In the running position the 
fuses should be outride the delta, as in 



Fig. 23 (B), and not inside, as in Fig. 23 (A). 
The connexion in Fig. 24 ensures tliis. 

Eddy Current Starter. When the rotor 
of an induction motor is stationary, the 
freiiuency of the rotor current is that of 
the supply. If a choke coil with a solid 
core is connected across the slip-rings the 
imp('dance of its windings will be high, 
because of the eddy currents induced in 
the core. As the motor speeds up, the 
frequency of the current and the imped- 
ance of the windings decrease', until at lull 
speed the impedance is negligible. This 
form of starter is used to some extent for 
small motors. 

STARTING xMOTOR (in Motor 
Cars). The internal combustion engine 
must be rotated ('it her bv liand or from 
some independt'iit source of j)f)W’er betore 
It will begin to fuiKUioii. To this delef t is 
flue the iiiclusion of an electric starter 
motor or a dvnamolor as standard ecjiiip- 
ment on prai'tieallv all motor ears. 

Electric charging and starting systems 
on motor cars are of thc‘ single-unit or of 
the tw'o-nnit type, the latter being more 
widely used. 

In the single-nnit system, a single 
rnacliine, know'n as a dynamot()r((7. 7'.), oper- 
ates either ns a dynamo for the generation 
of current to cliarge the batlt'ry or as an 
electric motor wiien it is necessary to start 
the engine, current being then siqiplied 
Irom the battery. In twa-)-unit .systems, the 



STARTER. Fig. 22. A G.E.C. star-delta starter. Fig. 23. Wrong method A and right method B for fuse 
connexion. Fig. 24. An arrangement providing for Fig. 23 B. (Other Illustrations are in p. 1143.) 

1150 


STARTING RHEOSTAT 


dynamo is driven continuously from the 
engine, and the starting motor is geared to 
the flywheel of the engine only when 
necessary. A tootheui pinion on the end of 
tlie starter armature shaft automatically 
enters into engagement with a toothed 
ring secured to the ])eriphery of the 
flywheel, and is rotated at high speed when 
th(^ current is switched on. 

Starting mcMors are usually of the four- 
pole series- wound ty}x\ cajiable of exerting 
a high torque when rotating slowly, or 
rotating at high speed wlien lightly loaded, 
and being thus jiarticularly adajited for 


starting purposes. 


Such motors larely 
give trouble and are therefore liable to be 
neglecti'd It is imjiortaut, however, that 
the brushes >houl(l be ki‘pt ( lean and work 
lre(*ly in their guides and the commutator 
must be perfectly smooth and free from 
anv deposit of carbon or oil. Thca'c^ is 
ahva\*s some risk of ek'ctrical connexions on 
parts subjected to vibration working loose, 
and the starter connc'xions should 
occasional! v be* inspect c'd SVe^Dynamotor , 
Motor Car, lidc'ctnc'al Jiquipnient. 

STARTING RHEOSTAT. A variable re- 
sistance included in the circuit of ek'ctric 
motors lor oblaining a gradually increasing 
current necessary in start- 
ing a motor of any size* 

Consideralily more cur- 
rc'iit is requirecJ to begin 
the running of a motor 
than is required to main- 
tain its .s])eed once ac- 
(juired. This excess of 
current would result in 
damage to the motor 
windings if a motor- 
starter W(‘re not lilted Es.sentially, the 
starter cc^nsists of a number of resistances, 
which are cut cjiit of the* circuit as the 
starter handle is ad\'anced o\’(‘r a number 
of radial studs. See the heading StaiU*r 
for details ol dc'sign ol the diilerent types 
of .starter. 

In a shunt motor the current I is driven 
by the supply voltage E against the bac k 
E.M.F. e and 

Ka 

where is resistance of armature wind- 
ings. With the machine stationary e = O. 
and if the full voltage were applic'd to the 
stationary armature an excessively laige 



c 

Time 

STARTING RHEOSTAT A, B. C, D, etc 
mark intervals at* which radial arm i 
moved over to next resistance stud. 


current, perhaps twenty times as great 
as the full load current, would flow. Ac 
overload release incorporated on the 
starter affords protection against this 
possibility, and a suitable starting resist- 
ance is inserted in the armature circuit to 
maintain the value of the armature current 
at a roa.sonable figure. As the speed of 
the motor increases with resultant increase 
in the value of the back E.M.E. the resist- 
ance can be graduall3^ cut out. 

For a shunt motor the acceleration is 
jiroportional to the arniciture current. 
The starting current must produce a 
torfiue sLilticiently large to overcome the 
frictional resistance of connected ma- 
chinery and leave a margin to produce 
adequate acceleration. The maximum 
value of the starting current is limited by : 

(a) ('arrving capacity of fuses, etc. 

(b) Disturbing effects on neighbouring 
circuits 

(c) Xeccs^ity of preventing damage to 
connected machinery or machine itself 
due to exccssixe acceleration. 

{d) Sparking at the brushes and result- 
ant flash-over. 

(c) In traction the 
torque j^roduced must not 
be suflicieiit to produce 
bli]> in the driving wheel 
of the vehicle. 

In the diagram is 
the ma.ximum value of 
the starting current and 
the minimum value, 
usually rather greater 
than full-load current. 
If Rj, R^ and R3, etc., 
are resistances on re- 
and n the total number 


speclive 
of studs, 


stud.s, 
then at start 


On jiid stud end 


K-r; 

K. 

1 


On stud start Ij - — ^ 


Cn-2 


end 1: 


I'—Cn.i 

Ku.i 


On wtli stud start Ii 


end I.. 


K- 


f’n-l 


E- 

Ka 


and the curve becomes horizontal 
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By simple division we see that 

11 — 

12 R2 Rs Ra 

and by multiplying all these equations 

R.~\h) 

and from these two equations n the 
number of resistance steps necessary in 
starting up the motor can easily be 
calculated. 

STARTING SWITCH. A device used for 
starting up large direct-current machines 
by connecting a number of resistance 
elements successively in parellel, as shown 
by the diagram of connexions (Fig. i). 
It consists of a series of knife switches 
each connected to a resistance element, 
and closed one after the other by hand ; 
the order of closing in Fig. i is from left 
to right. Fig. 2 shows a typical starting 
switch. The operator is prevented from 
closing the switches in any order but the 
correct One by means of a notched inter- 
locking bar. As each switch is closed the 
bar is moved along a short distance, 
thus allowing the next but no other 
switch to close. 

The resistance unit at the extreme left 
has a high resistance and small current- 
carrying capacity ; the combined resist- 
ances of the units decrease and their 
current-carrying capacities increase as 
the switches are closed in parallel with one 
another from left to right, corresponding 
to the increasing current as the machine 


Supply 
9 9 



STARTING SWITCH. 
Fig. 1 . Diagram of con- 
nexions of multiple 
starting switch. 


Closed i¥he/t breaker* 

’ ^JS open. 

jnihtn this coil ta excited 
breaker cannot be cfosed. 


( 


Motor^ 



y Oy ty y y y 

^ storting Sv^itch^ 

Open tvhen a/l starter^, 
switches are open , . 





Fig. 2. Multiple starting switch, showing interlock- 
ing bar and interlocking contacts. The contactor on 
the upper part of the board is used as overload pro- 
tection. 

General VJfriric to , Ltd. of England, 

starts up. The last switch on the right 
is a short-circuiting switch and must 
carry the full load current continuously. 

In order to prevent the circuit breaker 
being closed when the starting switch 
is in the closed position, which would 
result in a short circuit, an interlock 
is usually provided. This may consist 
of a contact on the starting switch, 
which is closed when the circuit breaker 
is open, and a hold-off coil on the circuit 
breaker, which, when it is energized, 
prevents the breaker from being closed. 
All these are connected in series as shown 
in Fig. I. When the breaker is open, 
closing one of the starting switches 
energizes the hold-off coil and prevents the 
breaker being closed. See Starter. 

STAR VOLTAGE. The term star volt- 
age is used to designate the voltage 
from a line terminal to the neutral point 
of a star-connected polyphase A.C. system 
of windings or conductors. The proper 
term is phase voltage, but as the latter 
is often loosely (and erroneously) applied 
to the line-to-line voltage, ambiguity is 
avoided by the description “ star voltage." 
The relationships between star voltages 
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and line voltages for balanced A.C. 
polyphase systems are as follows : — 
Three-phase : i to 173 
Four-phase : i to 1-41 
Six-phase : i to i for vectorially ad- 

jacent line terminals. 

I to 2 for vectorially dia- 
metric line terminals. 

If the potential of the star neutral 
point is not zero or if the line voltages 
become unbalanced, the above ratios are 
altered to an extent depending upon the 
degree of unbalance present. 

Star voltages may contain considerable 
harmonic components, principally the 
third, if steps arc not taken to reduce 
them to negligible proportions, by avoid- 
ing high magnetic induction densities in 
iron-cored plant and apparatus or by 
providing means, such as a delta winding 
on a transformer, for short-circuiting 
the harmonic voltages. The voltage ratios 
mentioned above also are affected by the 
presence of harmonics in the respective 
wave forms. See Star Connexion. 

STAR-WOUND REACTOR. A star- 
wound reactor is more properly called an 
interconnected star reactor and it is used 
for obtaining a star point artificially for 
earthing a delta-connected A.C. system. 
Such a reactor may be designed to have 
alow or a high impedance, depending upon 
whether current limiting resistances are 
used in conjunction with it or not. The 
reactor is described more fully under the 
heading Neutral Earthing Compen- 
sator (q.v.). 

STASSANO FURNACE. A type of arc 
furnace in which the arc is struck between 
electrodes, two, three, four or six electrodes 
being employed according to the size of the 
unit. The furnace usually consists of an 
eccentrically rotating cylindrical chamber 
of steel lined with dolomite or other 
refractory material. The rotation ensures 
thorough mixing of the molten ores and 
the metal and slag are run off through 
a tap provided. Water-cooled electrodes 
with hydraulic regulation for adjustment 
of feed are incorporated on the larger 
sized furnaces. An average energy con- 
sumption for a i-ton furnace would be of 
the order of 1000 B.T.U. per ton of steel. 

STATIC. Static is the name rather 
loosely given to the manifestations of 
electrical discharges in the atmosphere, 


to accumulations of atmospheric elec- 
trical charges on exposed insulated con- 
ductors and to frictional electrical charges 
such as arise in connexion with paper- 
making machinery and the passage of 
leather and similar belts over pulleys. 
Perhaps the most familiar example of 
“static'' are the noises in radio receiving 
sets which range from low noise-intensity 
crackling to cannon-like reports. 

To the power electrical engineer “ static" 
is familiar as more or less high intensity 
electric charges on overhead lines pro- 
duced by changes in elevation of the lines, 
sandstorms, nearby clouds, wind and 
rain, these creating high voltages to earth 
on the lines with all their concomitant 
dangers {see Electrostatic Interference 
under the heading Capacity, p.i86). To the 
communication circuit engineer “ static " 
further visualizes the possibility of high 
induced voltages on telegraph and tele- 
phone lines arising from the proximity of 
high voltage power lines, unless steps are 
taken to counteract their effects. 

“ Static " is thus associated with the 
presence of electric charges and potential 
differences which are related by the ex- 
pression Q = CE where Q is the electric 
charge, C is the circuit capacitance and E 
is the potential difference established by 
the charge. The discharge of an accumula- 
tion of “ static " electricity results in the 
flow of current which produces wireless 
receiver “ atmospherics " and surge 
currents in power circuits. See Atmo- 
spherics ; Capacity ; Electrostatic Field ; 
Surge. 

STATIC BALANCER. To equalize the 
voltage between the wires of a three-wire 
A.C. or D.C. system when fed by a single 
generator across the outers, a static 
balancer may be substituted for the rotary 
balancer set described under Balancer 
(q.v.). The diagram illustrates the simplest 
form of single-phase balancer in which 
two slip-rings tap the armature winding 
at points 180 electrical degrees apart. 
Each slip-ring is connected to one end of 
a pair of coils of low ohmic resistance and 
high inductance wound on a laminated 
iron core. These coils act as chokes to the 
alternating voltage impressed on them by 
the generator, and if joined at the other 
ends to the neutral wire, their common 
terminal will have always a voltage 

H4 
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STATIC BALANCER. The choke coils CC are 
specially wound so that there is no out-of<balance 
flux and the main flux is not disturbed. Lamps LL 
constitute balanced load. 

midway between that of the slip-rini^s, i.e. 
midway between the voltages of the 
brushes. For a balanced load no neutral 
current flows and the choking coil takes 
only a small magnetizing current. When 
the load is unbalanced, the currents carried 
by the positive and negative brushes 
respectively are unequal and the out-of- 
balance current will return via one of 
the pair of choking coils according to the 
position of the slip-rings at that instant. 

The currents actually flowing at any 
moment may be regarded as made up of 
an alternating component which traverses 
the coils in series and a D.C, comjionent of 
the out-of-balance current, which is the 
difference between the currents in the two 
outers. This difference varies according 
to the relative position of brushes and 
slip-rings, as does the potential of the 
middle wire from its correct value midway 
between the potential of the brushes. 
When the tappings are midway between 
the brushes each of the coils carries half 
the out-of-balance current, the current in 
one coil opposing the magnetization that 
would be induced by the current in the 
other coil so that only the alternating 
flux due to the alternating current re- 
mains in the closed magnetic circuit. 

The coils are connected as .shown in 
such a manner that the out-of-balance 
component cannot produce a flux whilst 
the main flux is undisturbed. 

A 4- or 6-phase star-connected coil may 
also be adopted, whilst 3-phase star 
employing three slip-rings is a common 
connexion. Increase in the number ol 
phases renders the armature current 
distribution more even with consequent 
decrease in local heating due to the out-of- 
balance current. See Converter. 

STATIC CHARGE. A charge impressed 
upon a body (not necessarily an electrical 
conductor) due to condenser action, in 
which a state of electric strain acts through 


a dielectric [q.v.) to produce electric 
charges of opposite sign at the extremities 
of the system. The term is an abbrevia- 
tion of electrostatic charge. This charge 
is produced by subjecting the atoms of 
the body to a tension which cannot be 
released until cither the body touches 
another not similarly charged, or through 
a disruptive spark, as with lightning (q.v.) 
or an oscillatory discharge {q.v.) 

A static charge may be induced by 
friction, diflerence of temperature, mole- 
cular disintegration, or contact electri- 
fication of electrically insulated bodies. Its 
strength is proportional to the dimensions 
of the body, the impressed force, distance 
separating the charged body from any 
other (see Oscillatory Discharge), and the 
nature of the separating medium (see 
Dielectric Constant). 

A static charge, like a magnetic pole, 
will repel another similar charge and 
attract an opposite charge, according to 
Coulomb's Law {q.v.). The line diagrams 
representing these conditions arc similar 
to the coru'entional iron filings figures of 
magnetism. See Atmosidieric Electricity ; 
Electrostatic Field. 

STATIC-FREQUENCY-CHANGER. The 

more usual type of frequency changer 
comprises a rotating synchronous motor 
coupled direct to an alternator wound for 
the frequency desired {see Frequency 
Changer). There is, however, a static 
type of frequency changer, in which no 
moving parts are employed, formerly 
used to some extent in wireless tele- 
graphy and of occasional application in 
power work. It consists essentially of a 
3-phase transformer whose secondaries 
arc connected as for mesh, but opened at 
one point. A voltage is set up equal to 
three times the third harmonic of each 
.secondary and having three times the 
frequency of the primary supply. 

In another type, the transformer core 
receives additional magnetization from 
an auxiliary D.C. source and is designed 
to work at a much higher flux density 
than normally employed, this flux vary- 
ing between maximum and zero instead of 
alternating in the usual manner. The 
varying magnetic permeability at the 
high flux densities sets up harmonics in 
the secondary and a voltage is produced 
at double the original frequency. Such 
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an arrangement is of use in traction 
lighting where a low-frequency supply is 
available for the driving motors, but is 
not adopted to any extent in this country. 

STATIC TRANSFORMER. An alter- 
nating current device for transforming 
energy from one voltage to another with- 
out change of frequency. Usually 
described as a transformer (g.v.). 

STATION LOAD FACTOR. A quantity 
of importance in the estimation of the 
charge to be made to consumers in the 
district suj)plied by the station. In 
addition to the actual cost of the electricity 
used by the consumer, the latter is also 
expected to pay his share of the capital 
and ov'erhead charges involved by the 
initial outlay on mains, generators, switch- 
gear, etc. All th(‘se must be of sufficient 
capacity to siq^ply the total maximum 
demand which might be required by all 
the consumers at any one time. The 
relationship between the running costs 


and the standing charges depends there- 
fore, to a certain extent, on the ratio 
between the number of units of electrical 
energy sold and the maximum simul- 
taneous load on the feeders during the 
supply period. Or expressed as a per- 
centage : 


Load I''actor-= 


Average load during period x loo 
Ma\imuTTi load during period 


Station Load Factor - 


Net kWh output per day x loo 
JSft Max hours load in kW x 24 


This must not be confused with the 
plant load factor which is based on the 
rated capacity of the plant. 


,,, 1 T- ^ Averagehourly load for vear X 100 

Plant Load h actor = 

AKKrPKtitc rated cap. of installation 

Maximum station efficiency would be 
attained with a load factor of lOO as the 
plant would then be running to full 
capacity. This, of course, never occurs 
in practice, though astonishingly high 
figures are attained in modern power- 
stations. See Load Factor ; Maximum 
Demand. 


STATORS IN ALTERNATORS AND MOTORS 

By Arthur Arnold, A.M.LE.E.. A.M.I.Mech.E. 

This article, which is complementary to that on Rotor, is concerned with the 
frame, core and windings of the stationary part of A.C. motors and generators. 
The main articles on both — particularly that on Alternators — should obviously 
be consulted. See also Armature ; Electro-Magnetic Machines; Generator, D.C. 


That part of an cleclro-magnetic 
machine which does not rotate ; usually 
cmplovcd only vvith reference to A.C. 
machines, whether motors or generators. 

A stator has throe principal parts, the 
frame or casing, the laminated magnetic 
core, and the windings in slots in the 
core. The frame may be of cast iron, 
cast steel, or wekU'd wrought steel, the 
latter being utilized in modern designs to 
save weight and sjiace. The ('ore is dove- 
tailed and clamped, sometimes with 
through-bolts to the Irame, end pieces at 
either side of the laminations being some- 
times made of non-magnetic metal. Wind- 
ings are varionslv connected, according to 
the type of machine, and arc carefiillv 
insulated within slots around the inner 
periphery of the core. The* only exception 
is the rotating armature alternator in 
which the stator is constructed on similar 
lines to the yoke and field frame of a D.C. 
generator. Such machines are unusual 
and only found in small sizes. 


Stator Design. Stator proportions vary 
a great deal with the speed of the machine, 
being governed by the allowable peripheral 
speed of tlie rotor. Thus for slow-speed 
machines the stator, like the rotor, is of 
large diameter compared with its axial 
length, whereas for high speeds the length 
may be greater than the diameter. In 
slow-spccd machines, which are usually of 
the open type, the problem of ventilation 
of the stator hardly arises, but in compact 
high-speed machines it is of first import- 
ance, and the frame may be specially 
arranged to pro\ade inlet and exit ducts 
for the air. In large diameter stators the 
frame is usually split horizontally to 
faciliiate erection and dismantling, and 
sometimes may be split also vertically. 
Turbo-alternator stators, howTver, are not 
usually split, and the great length of the 
rotor may necessitate special arrange- 
ments for its withdrawal. 

As far as the core dimensions are con- 
cerned there is no difference between high- 
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STATOR. Fie- 1 . Slot insu- 
lation of *' Maxtorq ” motors. 
The slots are lined with 


but the bear- 
ings of moiors 
are frequently 
supported 
from the end 
shields. These 
are generally 
spigoted to 
fit into a 
m a c li i n e d 
socket around 

Fig. 3. In open ventilation ^ 9 Stator 

machines, each coil is bound main iramC, 

F,g.2. Formar-wounderoup. ^?"ped "he thuS the 
of CO.!., p^^j. 

tion is definitely 
located centrally 
in the core space. 
In some cases 
L means arc pro- 
K vided for adjusting 
^ tlic bearing posi- 
tion at the spigot 
and socket ; in 
others the bearing 
shell itself can be 
ad justed relatively 
to the end shield. 

Fig. 5. Completed stator of “Maxtorq ” llispection holcS, 
motor with four coils per group. doSCd normally if 

necessary by plugs, arc sometimes pro- 
vided in end shields for the insertion 
of feelers into the air-gap. 

In induction motors, where the air-gap 
is kept as short as possible, ball or roller 
bearings are frequently utilized in mach- 
ined end shields. End shields carrying 
ring-oiler bearings are also often attached 
by sct-scrcws so spaced that the end shield 
can be rotated through 90 or 180°, so per- 
mitting the motor to be attached to a 
veitical wall or to an overhead beam. 

End shields of turbo-alternators are 
sometimes made of non-magnetic material, 



Fig. 4. Method of winding the stator is clearly 
shown. 

Ftgs 1-5 btt courtesy of Lancashire Pyiuivio <t Ciyplo Co , Ltd 

speed alternators and synchronous motors 
of the comparable ratings, but the end 
turns of the windings of alternators 
require to be strongly braced to avoid ill- 
effects from the mechanical stresses caused 
by heavy short-circuit currents. The 
casing and core clamping plates must, 
therefore, be designed to take stout bolts 
for this bracing service. Additional insula- 
tion is provided on the end turns them- 
selves and they are separated by hard- 
wood spacers ; the effects of thermal 
expansion must, nevertheless, not be over- 
looked. In motors it is 
unusual to provide end- 
turn bracing, except in 
those designed for excep- 
tionally heavy service, 
methods of insulating conductors 
in slots are discussed under 
Armature Winding (q.v.). 

Bearings and End Shields. In 
alternators it is usual practice 
for the rotor bearings to be 
carried upon separate pedestals, 



F'lg. 


Section of Type “ R ’’ squirrel-cage induction motor 
showing ventilation system. 

MetropoUlan-Vtckers Electrical Co., Ltd. 
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STATOR. Fig. 7. Wound stator for water-wheel 
driven A.C. generator. 

The British Thomson-Iluuston Co . Ltd 

because they are in relatively close proxi- 
mity to the end turns of the winding 
and may have eddy currents induced in 
tliem thereby. The non-magnetic con- 


struction does not cut out 
the eddy current losses, 
but makes them lower than 
they would be in iron or steel. 
In some stators a closed 
squirrel-cage winding is pro- 
vided opposite the rotor end 
windings to minimize eddy 
current effects. 

Frame Design and Ventila- 
tion. The detail designs of 
frames and end shields are 
varied to secure different 
types of enclosure. In open- 
type machines the end shields 
are merely spokes to carry 
the bearings. Protected-type 
machines have expanded 
metal or similar screens to fill 
in between the spokes. Drip- 
proof motors have end shields 
fitted with louvres and some 
additional outer cover around 
the core. Enclosed motors, as 
the name implies, have no openings through 
which ventilating air can enter or discharge 
from the interior. They therefore frequently 
have ribbed frames in order to increase 
the surface from which to radiate the heat 
corresponding to the motor losses. This 
device does not, however, prevent an 



Fig. 8. Two motor yokes, one of cast iron and one of welded steel construction. 
The Metropolttan-Vlckere Electrical Co., Ltd. 
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enclosed motor being of necessity much 
larger, for a given rating and temperature 
rise, than one normally ventilated, and in 
consecjuence there arc numerous special 
designs available in which additional 
radiating surface is provided, cither 
separate from or built into the frame. In 
certain motors two fans arc provided, one 
circulating the internal air through ducts 
which are cooled on the outside by external 
air blown against them by the second fan. 

An alternative to an enclosed macliine, 
permissible in certain circumstances 
where otherwise such a type would be 
necessary, is the pipe-ventilated motor, 
which is cooled by air drawn through 
ducts from the atmosphere at some dis- 
tance, and possibly returned by similar 
means. By the provision of a filter on the 
inlet to a pipe-ventilated macliine, the 
interior can be kept fairly clean, but this 
is a feature in which the enclosed motor 
naturally excels. In all other types it is 
essential to blow out the dirt. 

The frames of turbo-alternators are 
specially adapted, in most cases, to provide 
for a closed air circuit through the machine 
and through a w^ater-cooled radiator 
surface in series, the latter generally being 
arranged in the alternator foundation 
block. See further under Alternators. 

Explosion-proof motors form a special 
class of machine. They arc, naturally, 
totally enclosed, and all flanged joints are 
machined and specially wide. In some 
cases relief flanges are fitted, as to exjflo- 
sion-proof switchgear, with the intention 
of relieving any internal pressure that may 
be formed, but the width of the flanges 
suffices to p^revent 
the egress of flame. 

Steel-works motors 
are another special 
type and usually liave 
rectangular cast-steel 
frames, but they are or- 
dinarily of the direct- 
current type because 
of the necessity for 
ready speed control. 

Stator frames are 
provided with means 
for lifting, except in 
very small machines. 

The lugs or eyebolts 
are normally heavy 


enough to lift the motor with rotor com- 
plete. Recommended design and dimen- 
sions are laid down in British Standard 
Specification No. 529 (1934). Lifts should 
always be taken in a line direct with the 
axis of an eyebolt ; if two eyebolts are 
pro\’ided, a stretcher bar should be used 
to en.sure this, or at least a long sling should 
be used, so as to avoid putting any appre- 
ciable sideways stress on the eyebolts. 

Terminal boxes are normally mounted 
at the .side of the stator frame and are of 
varied design. Sjx'cial care has to be 
taken with totally enclosed motors and 
with exjflosion-proof designs to .secure 
proper sealing of the conductors at this 
point. In a few cases cable trifurcating 
boxes are also mounted direct upon the 
stator Irame. 

Stator Core Design. Con^ construction 
is described under the heading Alternator 
(g.7'.). It is j)ractically standardized for all 
tyi)es of machines, lh(‘ only variations 
being tliosr' made by differeni designers 
in the methods of insulating the core 
stamj)ings and in the types of ventilating 
spacers emjfloyed. In some special 
motors the slots ai'e slightly skew(‘d in 
the statr^r as well as in the rotor, but this 
is unusual. It invohes sjiecial care in the 
stamping and in tlie as.sembly of the core. 
Induction motoc stator windings are 
precisely simil.ir to those ot alternators. 
Kc^iuiaon and other sjiecial ty])es ol 
motor ha\’e, in general, cores ol the 
normal kind, but tin* windings an; dis- 
tributed and connect (;d in diJferent ways, 
according to tlie kind of characteristic 
required. 



STATOR. Fig. 0. Winding the stator of a B.T.-H. synchronous motor rated at 7,500 
h.p., 03-8 r.p.m., for operation on 6,300 or 3,150 volts, at 60 cycles, to drive a 
rolling mill in India. 
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One of the stators of a 
frequency-changer is normally 
mounted so as to be rotatable 
through a small angle. The rota- 
tion is accomplished by a nut 
and spindle, operated by a hand- 
wheel, or distant controlled by a 
small motor. Slightly flexible main 
stator connexions are necessary, 
but the amount of movement 
required is only a fraction of a 
pole-pilch and docs not involve 
very difficult arrangements. See 
also under h'recjuency Changers. 

Motor stator frames must be 
provided with an earthing ter- 
minal, and a conductor of liberal 


section should be employed to 
connect with a low resistance 
ejirth, no relianc'e being placed 
upon incidental earthing through 
gears, bedplate's, etc. Some 
engineers accept as an adeejuate 
earthing provision the bonding 
of the su])ply cal:)lc armouring to 
the stator through a ])roper grip stator. 
fitting, or the u.se of flexible piping 
for the cables, wliich is bonded 
to an earthed conduit system. 

Thermo-electric couples {(j.v.) are some- 
times built into the slots of alternator 
stators, to indicate the actual temperature 
attained in this part of the machine, 
which is likely to be the hottest point. 

A much more accurate indication can be 
thus obtained than by the use of ther- 
mometers held against the core or wind- 
ings. When thermometers are used while 
an A.C. machine is running, they should 
be of the spirit variety ; a mercury ther- 
mometer may indicate inaccurately by 
reason of eddy currents induced in the 
mercury itself. 

Faults and Failures. Stator faults are 
almost confined to failures of insulation 
of the windings and the repairs constitute 
work in the nature of Armature Winding 
(q.v,). Such faults are chiefly due, apart 
from manufacturing irregularities, to the 
effects of dampness upon tlie insulation. 
Dampness is an ejiemy of all electrical 
machinery which is not operated con- 
tinuously and can be best met by the use 
of a totally enclosed machine. 11 a motor 
has been lying idle for some time and has 
become damp, this will be shown by a 


Fig. 10. Wound stator of a type " R " squirrel- 
cage induction motor. 

The Metropulitan-Vickers Electrical Co., Lid. 

low insulation resistance test, and the 
windings must be dried out before the 
plant can be used. Drying out is best 
done in a proper vacuum oven. Generally 
it is only practicable to transport the 
motor to a convenient spot (^.g. the 
electrician’s .shop) and there pass low- 
tension current of full-load value through 
the windings for .some hours, testing the 
insulation resistance from time to time, 
until a steady reasonable figure (in the 
order of megohm) is attained. 

If the motor cannot be moved, the 
difficulty is to provide a suitable low- 
voltage current in situ, and various 
temporary expedients may be employed, 
the aim being by some means to raise the 
temperature of the windings to the highest 
figure which will be safe with the type of 
insulation in use. 

Mechanical faults in electro-magnetic 
machines are associated with their rotors 
rather than their stators, but noisy 
running is sometimes caused by the 
vibration of stator core plates. The 
remedy is to make sure that the clamping 
bolts of the core, or those holding the 
reinforcing end plates on either side of 
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the core, are properly tight. When 
similar machines are being tested by the 
Hopkinson method of loading back, 
either the rotors or stators must be set at 
a small relative angle one to the other. 
If suitable couplings are not available, 
packing under the feet of the stators may 
be a convenient method. 


STEATITE. A ceramic insulating 
material with great heat resistance pro- 
perties, chiefly composed of magnesium 
silicate. Used extensively in place of 
porcelain insulators (q»v,) for overhead 
lines and similar purposes, especially 
under conditions where thermal insula- 
tion is essential. 


STEEL: ITS CHARACTERISTICS, VARIETIES AND USES 

Notes on the Varieties and Uses of Steels for Electrical Work 

In addition to other metals described under the appropriate headings and under 
Alloys, reference should be made to those closely related to the present subject, 
e.g. Electro-Magnet; Iron; Iron Loss; Lifting Magnet; Permeability. 


The addition to iron of a small quantity 
of carbon produces steel, which is used to 
a very great extent in all branches of 
engineering. Its strength and other 
characteristics can be varied within 
very wide limits to suit the use to which 
it is to be put. For instance, the steel 
employed for a rotor shaft is alloyed with 
small quantities of other metals, whereas 
that of the framework of a motor, in most 
cases, is ordinary tough, mild steel. 

The hardness and strength of steel 
depend upon its carbon content and upon 
its heat treatment. In general, tlie higher 
the percentage of carbon the harder and 
stronger the steel, but it also becomes 
less tough and more brittle. Steel can 
only be hardened by heat treatment 
when it contains suflicient carbon. 

Mild steel or low carbon steel contains in 
general less than about 0-25 per cent, of 
carbon, while hard or half-hard steel or 
high carbon steel contains a higher per- 
centage, although there is no hard and 
fast distinction between the two. Only 
medium or high carbon steel can, however, 
be hardened and tempered. 

Steel is frequently alloyed with small 
quantities of nickel, vanadium, chromium, 
manganese or molybdenum to obtain 
much greater strength and toughness. 

Types of Steel. The variety of different 
steels is immense, and each specimen is 
capable of great variation in hardness and 
toughness, according to the heat treat- 
ment to which it is subjected. Wrought 
iron, which is mentioned for purposes of 
comparison, contains from o*i to 0*20 per 
cent, of carbon and is 99*5 per cent. pure. 
Its ultimate tensile strength is about 23 


tons per square inch, and it cannot be 
hardened by heating and quenching. 

Mild steel, as stated earlier, contains up 
to 0*25 per cent, of carbon, and is also 
non-hardening. Its ten.sile strength is, 
however, greater, being about 31 tons per 
square inch. It cannot be hardened and 
tempered, but it may l)e case-hardened. 

Medium and high carbon steels contain 
up to 1*25 per cent, of carbon, but it must 
be clearly understood that all the varieties 
from wrought iron to high carbon steel 
shade otf imperceptibly into one another. 
The strength depends upon the degree of 
hardening to which they are subjected, 
extremes of hardness and brittleness and 
of softness and toughne.ss being attainable. 

Alloy Steels. Further variations are 
possible with the alloy steels referred to 
above. Consider, for instance, a specimen 
of silicon-manganese steel, hardened and 
tempered so as to be suitable for valve 
springs. This steel contained 0*54 per cent, 
carbon, 1-95 silicon and 0-94 manganese. 
Its ultimate tensile strength was 91 tons 
per square inch. A second specimen of 
chrome-vanadium steel, hardened and 
tempered for the .same purpose, contained 
0*55 per cent, carbon, 0*29 silicon, 0*68 
manganese, o-io nickel, i-i6 chromium 
and 0*27 vanadium. This steel had an 
ultimate tensile strength of 79 tons per 
.square inch. These two specimens, 
however, pos.se.ss a very valuable quality 
in that they do not suffer from what is 
known as fatigue. Some steels will fail 
by fatigue — that is, by frequent repetition 
of a load far below the normal breaking 
load — and the alloy steels are particularly 
valuable in meeting these special strains. 
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All varieties of steel possess one 
peculiarity which distinguishes them from 
both wrought and cast iron. They are cast 
and are afterwards rolled and hammered. 

The figures of ultimate tensile strength 
of the different varieties of steel are given 
only as illustrations of the order of 
magnitude. There is great variation in 
strength, depending upon composition 
and heat treatment. The tensile and the 
crushing strengths are approximately 
the same in the tougher varieties, but in 
the harder steels the tensile strength, 
although greater than that of the softer 
steels, is much less than the crushing 
strength. As an example, bearing balls 
are made of an alloy steel which, when 
hardened, has a resistance to crushing 
of about 360 tons per square inch. 

These alloys are very simply produced 
in the electric furnace, the oxide of the 
metal and carbon being added to the iron 
in order to produce the desired ferro-alloy. 

Magnetic Steel. Iron, steel, nickel and 
cobalt are the best conductors of magnetic 
lines of force, but for magnetic circuits in 
practical machines iron and steel alone 
arc used, being cheaper and more easily 
worked than the two latter metals. 

It is stated under Iron (^.z;.) that all 
substances mixed or alloyed with iron 
lower the permcabilit3^ In steel the 
decrease in permeability is proportional 
to the amount of carbon present, whilst 
aluminium, silicon and other substances 
which give softness and homogeneity to 
the metal increase the permeability when 
present in limited quantities. 

Cast steel can be worked economically 
at a flux density of 15,000 lines per square 
cm., compared to the economical limit of 
7,000 lines per square cm. for cast iron, 
and is therefore adopted for magnet 
frames when weight is an important 
consideration, as in traction motors. 
More usually, laminated steel pole pieces 
are bolted on to the cast-iron magnet 
frames, resulting in considerable reduction 
in the weight of copper in the field coils. 

Strong permanent magnets can also 
be made of steel, this being one of the main 
differences between it and wrought iron, 
which is almost useless for such purposes. 
Recent development of new nickel- 
aluminium magnet steel may have far- 
leaching effects on the magnet industry. 


Non-magnetic Steel. The addition of 
manganese in certain proportions to good 
magnetic steel results in a non-magnetic 
alloy. Thus a sample of steel containing 
15 per cent, of manganese has a magnetic 
moment of less than i-7,oooth of that of a 
similar piece of good magnetic steel. 
Similarly, a nickel-steel alloy, both of 
whose constituents are magnetic, results 
in a substance nearly non-magnetic. A 
nickel-steel containing 25 per cent, of 
nickel has been observed to have a 
permeability of 1-4, whether the field in 
which it is placed be strong or weak. 

These non-magnetic properties prove 
advantageous in the construction of cer- 
tain forms of apparatus and machines. 
The phenomena are very complex, how- 
ever. In the case of the steel just referred 
to, Hopkinson found that it became 
magnetic when cooled below o°C. Further, 
it retained this property when heated up 
again to 580° C., when it again became 
non-magnetic, and remained so when 
cooled to ordinary temperatures. Im- 
portant researches on these lines continue. 

Non-ageing Steel. As has been pre- 
viously remarked, steel with high reten- 
tivity and high coercivity is adopted for 
permanent magnets. These properties 
are imparted by the addition of small 
quantities of chromium, tungsten and 
mol3^bdenum to iron. 7 'he “ ageing ” of 
such magnets is accomplished by temper- 
ing glass-hard, steam annealing for 30 
hours and magnetizing to saturation. 
This enables the ageing effect, which 
causes increa.se in hysteresis loss of trans- 
former cores after a long period of use, to 
be effected in a short time, and steel 
w'hich has been so treated will not deteri- 
orate further in magnetic properties. 

Heat-resisting Steel. Most metals are 
incapable of resisting chemical attack at 
high temperatures, and tend to lose 
rigidity resulting in a slow, continuous 
alteration of shape under the weight of 
the metal itself (known as creep). Cast 
iron is mechanically weak and scales 
rapidly, whilst ceramic materials have 
only a limited application due to their 
Iragilily. vSpecial heat-resisting steels 
have therefore been developed capable 
of resisting corrosion and distortion for 
considerable periods at temperatures of 
more than 1,000° C. These steels contain 
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a considerable proportion of chromium, 
up to 30 per cent, being added where 
extreme resistance to high temperatures 
is required. 

The addition of nickel and small quan- 
tities of other special elements affords 
extra resistance to stress in chrome-steel. 
Such steels are extensi\'ely employed for 
mechanical furnace rabbles and stokers, 
conveyers working in furnace interiors 
and similar applications ; whilst high 
nickel-steel with addition of chromium 
is employed for turbine blading, being 
unaffected by steam during long service. 

Steel Progress in the Electrical Industry. 
The following notes from an article in 

The Electrical Review of October 27th, 
1933, indicate recent important advances 
in steel developments : 

Hitherto in the manufacture of electrical 
switchgear it has usually been found im- 
possible to employ steel castings for some 
of the smaller parts, owing to the difficulty 
of obtaining them true to shape and size and 
free from defects. This difficulty has now 
been overcome by the use of a new method 
for the manufacture of very light and 
intricate steel castings in the Sheffield 
steel foundry industry. These are so true 
to form that jigs can be employed in their 
manufacture during production. The 
method itself is to some extent a trade 
secret, but a special method of coring is 
the principal factor. 

Marked advances have been made in 
the manufacture of stainless steel castings. 
Until recently the steel castings obtain- 
able — at all events those of small size — 
were unsatisfactory in the majority of 
cases owing to roughness of surface, lead- 
ing to eventual corrosion ; distortion of 
shape ; and inaccurate dimensions. These 
troubles have largely been overcome, and 
small stainless steel castings can now be 
obtained with excellent surface, satisfac- 
tory shape, and freedom from pitting. 
Such parts as fittings, handrails, taps, 
cocks, door-handles, valves, and the like 
can all be made now in the form of stain- 
less steel castings. 

Plated Rubber Moulds. The demands 
of the rubber industry have led to a 
valuable advance in connexion with 
moulds for the manufacture of rubber 
articles. This is the chromium plating of 
.steel moulds. In the past it has been the 


practice to manufacture these of a good 
quality alloy steel. The new method is 
to copper plate first, then chromium plate, 
the moulds, as a result of which they 
receive the essential hardness and smooth- 
ness of surface. With this double plating 
it is no longer necessary to employ steels 
of so high a quality. The cost of the two 
plating operations is less than the total 
saving on steel, so that the method has 
the advantage of cheapness. Neverthe- 
less, before this process is universally 
adopted, certain disadvantages, such as 
the flaking off of the plating, will need 
to be completely overcome. The results 
so far obtained have been extremely 
encouraging. 

Nitriding. A new development of great 
value is the nitriding process, which is a 
means of obtaining an extremely hard 
and durable surface on steels not in them- 
selves hUid, leaving a core of soft material 
within. Nitriding is thus, in essentials, a 
case-hardening process, but the difference 
IS that wdiercas in the latter carbon is the 
hardening agent, in nit riding it is nitrogen 
which penetrates the skin of the steel and 
ensures hardness ; the result is obtained 
by heating the parts in ammonia, which 
gives a harder surface, and no later heat- 
treatment of any parts nitrided is neces- 
sary, so that they can be put straight into 
use, whereas, with case-hardening, heat- 
treatment is essential after the hardening. 
Thus, finished machined parts can be 
nitrided without losing shaj)e. 

The enormous increase in the use of 
synthetic materials from which objects 
and parts are moulded or pressed has 
caused a correspondingly important 
advance in steels for press tools, punches, 
dies, etc., for working these materials. 
Three principal steels have been evolved 
for this work, the first being a tungsten- 
chromc-manganese steel, high in carbon, 
and containing in addition a small per- 
centage of silicon. The second is a chromc- 
silicon-manganese steel, with sometimes 
a little molybdenum added. The third is 
a cobalt-silicon-molybdenum steel, with 
high carbon content and a small propor- 
tion of manganese. The first of these is a 
standard steel, oil-hardening, and easy to 
heat-treat ; it is used where low price, or 
the fact that the materials to be worked 
or the operations to be performed are not 
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heavy in their demands, is the 
main consideration. The second 
steel is more expensive, hardens 
in air, needs careful heat-treat- 
ment, but more than repays its 
cost in the fact that it will stand 
up admirably to extra-long runs 
and very hard service. The third 
steel is also air-hardening, offers 
extraordinary resistance to wear, 
and is extremely hard. It is 
best adaj)ted for cold pressing. 

Fusion-welded Tools. T urning 



Fig.i B Phasa 


STEINMETZ CONNEXION. 

Fig. 1. The Scott method 
of connexion. Fig. 2. 
Steinmetz connexions of primani 
to two-phase conversio 



and secondaries for three-phase 
See also page 1059. 


to cutting steels, there have been no sen- STEINMETZ CONNEXION. A similar 


sational changes in base material, the cobalt 
high-speed steels continuing to reign 
supreme ; but the tusion-welding process 
has been a revolutionary development. By 
the employment ot a special electric fusion- 
welding technique, it has become possible 
to weld small ends of super-high-speed 
steel on to higli-grade steel shanks, 
lorming as a result cutting tools ready for 
use ; these can be sold at a price so low 
that they can be afforded by even the 
smallest user. They do all the work 
of a solid high-speed-steel tool at a much 
lower cost, and the low price enables the 
user to scrap them ruthlessly when the 
end is used uj:) and buy more. 

The welded part ot these tools is a solid 
end, and the tools will fracture anywhere 
but at the point of union. 

A file for bakelite and similar materials 
is another recent development. Usually 
the trouble in filing bakelite, vulcanite, 
etc., is due to the clogging of the teeth of 
the file, which reduces the tool’s ettec- 
ti\eness and makes filing harder and 
slower. The improved tile has teeth cut 
like the arc of a circle, angle and shape 
being carefully planned to give the 
greatest cutting power combined with 
speedy freeing of the teeth from adherent 
particles. A good cjiicdity high carbon 
steel is employed, and tiles up to 14 in. can 
be obtained. 

STEINMETZ COEFFICIENT. According 
to liis law tor calculation of hysteresis 
losses in magnetic materials, Steinmetz 
stated that ergs loss per cycle per c.c. 
were /xB**’ where m is a coefftcient 
depending upon the material u.sed. For 
iron n is 0 00 to 0-003, for annealed steel 
0.008,. and hardened steel 0-025. Some- 
times this coefficient is represented by h. 


method of transformer connexion to the 
Scott connexion {q-v.), but with the 
secondaries connected similarly to the 
primaries. One secondary is tapped at 
its mid point and connected to the other 
secondary just as in the case of the 
primaries, the second secondary having 
-866 times as many turns as the first. A 
two- phase supply is obtained across the 
two outers and across the two remaining 
secondary terminals as shown in the 
diagram. 

STEP WINDING. To overcome the 
disadvantages of starting, induction 
motors [q.v.) have been designed with 
two windings whose characteristics can 
be varied within wide limits enabling 
high starting torque to be attained. In 
addition to the normal low-resistance 
squirrel-cage winding, a high-resistance 
low-inductance starting winding is in- 
corporated on the rotor. A short- 
circuiting device enables the latter wind- 
ing to be cut out entirely on reaching 
running speed, the whole construction 
being referred to as a step winding. See 
Starters. 

STOBIE FURNACE. A type of arc 
furnace in which special attention has 
been paid to mechanical design and in- 
corporating specially robust electrode 
gear. Hearth electrodes are employed in 
the smaller sizes and top electrodes in the 
larger, with a pair to each phase, per- 
mitting higher voltage and improved 
power factor to be maintained. An 
average energy consumption for this 
type of furnace is about 600 B.Th.U. per 
ton of steel. See Arc Furnace ; Furnace. 

STOP AND START SWITCH. Relay- 
actuating switches, usually of the push- 
button type (g.v,), which set in motion a 
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series of mechanisms culminating in the 
stopping or starting of the apparatus under 
control. Extensively employed in auto- 
matic substations, lift control, emergency 
s\\itches, wireless telegraphy, automatic 
telephony and many other similar applica- 
tions. The closing of the switch completes 
the relay circuit, thereby closing the main 
operating circuit which controls and carries 
out the desired sequence of operations. 

STORAGE BATTERY AND STORAGE 
CELL. A battery or cell which has to 
undergo chemical change before it can 
deliver electrical energy in a discharge 
circuit. The chemical change is produced 
by charging [q.v.) and such a system is 
an accumulator or secondary battery. 

The types of storage batteries in wide 
use are lead-acid, Edison and Jungner ; 
the latter, like the Edison cell, being alka- 
line, but with a negative element consist- 
ing of an iron and cadmium mixture that 
gives some more favourable characteris- 
tics than those possessed by the Edison 
cell. See Accumulator ; Active Material ; 
Battery ; Edison Accumulator ; Sul- 
phating. 

STORAGE SYSTEM. Thermal 

Storage System. 

STRANDED CONDUCTORS. Accord- 
ing to the I.E.E. regulations for the 
electrical equipment of buildings, the 
maximum size of a single wire must not 
exceed 0-003 sq. in. All conductors 
having a nominal sectional area exceed- 
ing 0-003 sq. in. (1/ 064 in.) must there- 
fore be stranded. The definition of a 
stranded conductor, according to B.S.S. 
No. 7, 1926, is a conductor consisting 
of three or more circular wires laid up or 
twisted together to form one conductor. 
This construction gives greater flexibility 
and strength to the conductor, and yields 
a lower resistance to very high frequency 
currents due to skin effect {q.v.). In cases 
where great strength is required, as in 
overhead lines, the conductive material 
is laid up in strands round a steel core 
(formerly a hemp core was employed). 
Armature conductors are also often 
stranded to improve their flexibility and 
minimize eddy currents. 

An increase of 2 per cent, in the length 
of each wire, except the centre wire, in a 
stranded conductor is assumed to allow 


lor the laying up of the wires, and the 
resistance is calculated upon the assump- 
tion that the individual wires are practi- 
cally insulated from each other, whilst 
the area of the stranded conductor is 
taken to be the area of the solid wire 
which has the same resistance as the 
stranded conductor. The sizes, weights 
and resistances of standard solid and 
stranded circular conductors are given in 
the table in page 327. See Aluminium ; 
Cable ; Conductor : Copper, etc. 

STRAPPING WIRES. When a number 
of lamps and their two-way switches are 
to be wired up to a master control switch, 
strapping wires arc used to interconnect 
the switches. The master switch can then 
be connected at any point in the strapping 



STRAPPING WIRES. A and B, strapping wires; Li, 
Lti L„ L4, lamps ; S^, S„ S„ S„ two>way switches ; 

M, the master switch. 

wires, which are not directly connected 
to either the leads or the lamps them- 
selves, but merely strap together the 
switches. Their function will be more 
clearly understood by reference to the 
diagram, in which the two-pole master 
switch M controls all the two-way switches 
Sj, Sg, and and their connected lamps 
Li, L2, and L^. Wlien M is open, all the 
switches are dead and the lights ex- 
tinguished. If cither half of M be on, the 
lamps may be controlled by their respec- 
tive two-way switches, but if both halves 
are on all the lamps will be lit and cannot 
be switched off by manipulating the two- 
way switches. Such an arrangement is of 
use where corridor lights are to be 
switched off by I lie housekeeper in flat.s, 
hotels, offices, etc., at a certain hour. A 
disadvantage lies in the fact that on 
switching on again any lamps which had 
formerly been in circuit would be relit 
and require switching off at their respec- 
tive two-way switches. See Marvel 
Switch ; Two-way Switch ; Wiring, etc, 

STRAY CURRENTS. Currents which 
flow in systems through small out-of- 
balance effects that cannot be entirely 
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corrected in practice. An instance of these 
currents is found in the split conductor 
method of circuit protection. Variations 
in the characteristics of the two trans- 
formers cause so-called stray currents to 


flow in protective relays. The term, 
therefore, refers to currents due to out- 
of-balance or unsatisfactorily balanced 
E.M.F.’s. See Protective Devices ; Split 
Conductor System ; Transient Currents. 


STREET LIGHTING AND THE NEW DEVELOPMENTS 


By L* J* Luffingham 

While, as stated below, about half the roads of the country are lighted by elec- 
tricity, there is little doubt that the development of hot cathode lamps will probably 
result in its exclusive use in a relatively few years. The standards and systems now 
in use are given, together with notes on the newer methods, their great superiority 
being demonstrated by photographs given in a special plate. See Floodlighting; 
Gaseous Discharge Tubes ; Hot Cathode Lamp. 


The responsibility of street lip:hting rests 
with the local authorities, which is the 
main reason for the wide divergences in 
the quality of illumination ])rovided in 
different areas, and in London even in 
the same street. Where a borough bound- 
ary passes down the middle of a street 
it is not uncommon to find good lighting 
on one side and bad lighting on the other. 
The importance of good street lighting 
from the standpoints of safety and 
general amenities, and the low standard 
in general at present prevailing, is such 
that the future will probably see street 
lighting raised to the status of a national 
service under direct central government 
control. 

At the present time rough 1 3^ 50 per cent. 


towns are comparatively well lighted. 
Illumination of secondary and side streets 
is, however, far less satisfactory, and 
such streets by their great numerical 
superiority constitute the major part of 
the street lighting problem and the biggest 
scope for improvement. 

Street Lighting Standards. The desirable 
standards of street lighting illumination 
are set out in detail in B.S.S. No. 307- 
1931. Therein are specified eight classes 
of installation, graded according to 
minimum illumination intensity pro- 
vided, and for each class recommenda- 
tions as to the height of light sources 
above the ground, spacing-height ratios, 
etc., are given. These specification data 
are given in the summarized table. 


STRKF/r LIGHTINC; RECOMMENDATIONS OE ILS.S. 307-1931 


Class of Street 

This clas>;ificatioii is not iiu luded 
in the Specification proper 

Classification 

Height of Light 
Source Above Ground 

Maximum Spacing 
Height Ratio 


Min. Rated Mean 
Test Toint Illumina- 
tion of Roadway 

Mill 

Lo^^ est 

Rei'oninieiided 

Max. 

Recommended 
Not more than 

Spectacular lighting 

A 

2 0 11 C. and upwards 

30 ft. 

30 tt. 

5 

3 

Important thoroughfares, etc. 

n 

10 ,. 


27* M 

6 

4 

Main commercial tlmroughfares 

C 

05 

’I »» 

25 „ 

R 

5 

Lesser important com. thorls. 

D 

02 „ 

18 „ 

21 „ 

9 

6 

Shopping areas, provincial . . 

K 

01 „ 

15 M 

iS „ 

10 

7 

Main suburban roads 

F 

0 05 

13 » 

15 M 

12 

8 

Residential streets 

G 

0 02 „ 

13 M 

13 M 

12 

10 

Pocirest lit roads 

H 

0 01 

13 M 

n 

1 2 

10 


of the street lighting in the country is 
done by electricity and the other half by 
gas. Electricity is steadily superseding 
gas at a rate that should result in all- 
electric street lighting in about 20 years. 
That period may be considerably short- 
ened by the advent of the new highly 
efficient gaseous discharge lamp (q.v,), 
and intensive educational propaganda 
by electrical interests. In the main, the 
more important thoroughfares in most big 


The “ class of street " description is not 
contained in the specification, but is given 
as a rough general guide. Within what 
illumination class any particular street 
or centre should come is mainly to be 
determined by local conditions ; the prin- 
cipal street in a small provincial town 
would not require such a high standard of 
lighting as a corresponding street in a big 
city, and so on. 

Class A may be regarded as setting the 
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Fig. la Fig. 2a 



STREET LIGHTING. Fig. la (top of page). The 
Diron street lantern. Fig. 1b. Polar curve for Fig. la. 
Fig. 2a. The Circra lantern. Fig. 2b (right). Polar 
curve for Fig. 2a. 

British TUomnon-Houstvn Co , Ltd 

ideal standard, and Class H the irreducible 
minimum, not always reached even yet. 

In addition to the above data the speci- 
fication lays down that the rated mean 
test-point illumination of the footway 
shall not be less than 0-4 times that of the 
rated mean test-point illumination of the 
roadway, and shall not fall below the 
value 0*2 in service. The general require- 
ment for service maintenance is that the 
actual illumination shall not be allowed at 
any time to drop below one half the 
illumination values obtained on test, both 
for carriage and footway. Full particu- 
lars are given in the specification as to the 
positions and conditions for taking tests 
with the various systems of lighting, and 


all other rele- 
vant inform- 
ation. 

Systems of 
Street Light- 
i n g . There 
are two main 
systems of 
lighting ; (a) 
by light 
sources stag- 
gered altern- 
a t e 1 y on 
either side of 
the road, and 
(b) central suspension 
in whicli the lamps 
are liiing over the 
centre of the roadway. 
Each has advantages 
for different condi- 
tions. The staggered 
arrangement is the 
m ore common and 
satisfactory in general 
use. Where, however, there are trees 
lining the streets, or other obstructions 
that would interfere with the efficient light 
distribution, central suspension is to be 
preferred. Again, in narrow thorough- 
fares, suspending the light sources on span 
wires stretched i)ctween the buildings re- 
lieves the roadway of all obstruction. 

The choice of system in any particular 
installation is very largely determined by 
local conditions favouring economically 
one or the other. It is sometimes claimed 
for the central suspension system that it 
gives more efficient lighting, but when 
assessing that claim care must be taken 
to ob.serve that better lighting on the road- 
way has not been secured by sacrificing 




Fig. 3. A section of the Romford Road, London, lighted by ianterns at shown In Fig. la. 
British ThomsoH’Houston Co., Ltd. 
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STREET LIGHTING. 
Fig. 4b. Polar curve of 
(a) 400 and (b) 500 watt 
Osira lamps. Fig. 4c. 
Wiring diagram for 
street lighting by the 
lamp shown in Fig. 4a. 
below. 

G.K C 1.1(1 , of England. 

C.E S. HOLDER F 1 


C.E C. CHOKE 

C.EC CONDENSER 
21654 I [ WITH 

InternalI Iprotective 
t I leak 4 



PHASE ’ 50- MAINS 


Fig. 4a. The G.E.C. Osira lamp whose 
polar curve appears in Fig. 4b. 




illumination on the footways 
and buildings flanking the 
road. With both systems it is 
most important that glare be 
avoided. This is best secured 
by adequate supporting height 
in relation to the intensity of 
the light source. 

Light Sources. Until the 
recent advent of ga.scous dis- 
charge lamps, ordinary metal 
filament lamps were used al- 
most exclusively for electric 
street lighting. They had 
virtually superseded arc 
lamps, of which there are 
nowadays comparatively few 
installations remaining as 
relics of the past. Metal fila- 
ment lamps are used in all 
standard sizes from 40 to 1,500 
watts. From the standpoint of 
light efficiency the larger the 
lamp used in the light source 
the better. 

But the final choice in any 
installation is, of course, in- 
fluenced by many other factors 
— standard of lighting required, 


final cost of the equipment as a whole, 
operating cost and maintenance, etc. For 
good lighting in urban areas it is re- 
commended that the minimum of 100 watt 
per post be installed. Note the increased 
cost for current with higher wattage lamps 
is but a small addition to the total annual 
cost per post, while a proportionally much 




Fig. 5 (left), A luminous refuge bollard : (right), schematic arrange* 
ment of this bollard. 

Qtneral Electric Co , Ltd , of England. 
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STREET LIGHTING. Fig 6a \below). The G.E.C. Wembley type lantern 
for 300 or 500 watt lamps shown in Fig. 4a. Fig. 6b (above). Polar 
curve for the lantern, Fig. 6a. 

General Elecfrie Co , Ltd , of England 

greater increase in ~ 

illumination is 
obtained. Standard 
metal filament lamps 
have a guaranteed 
average life of not 
less than i,ooo hours, 
and the average 
candle-power main- 
t enance th rough ou t 
this life is 93 
to 95 per 
cent. The 
g a s e o u s 
discharge 
lamp has in- 
troduced a 
revolution- 
ary factor 
into street 

lighting practice, the effect of which must 
be increasingly felt in the future. Such 
lamps give from two to three times the 
light output of gasfilled filament lamps. 


and the cylin- 
drical light 
source, giving 
a very much 
larger lumin- 
ous area than 
that of a metal 
filament, con- 
tributes sub- 
stantially to 
the reduction 
of glare. Tech- 
nical problems 
associated 
with the 
utilization of 
gaseous dis- 
charge lamps 
have been 
satisfactorily 
overcome, and 
already a large 
number of in- 
stallations are 
in existence. 
In general the 
light sources 
are 400 watts, 
but certain 
types have 
been made in 
loo-watt size, 
and for D.C. 
.1'' well as A.C. 



Fig. 6a 


Fig. 7. Directional 
reflector fitting having 
detachable dome to facilitate wiring, and an exter- 
nally operated lamp focussing device. 

Hero Electric Co , Ltd. 


The principal criticism is the deficiency 
of red rays in the light emitted, which 
gives false colour values to objects illu- 
minated. While this disadvantage has 
not been completely overcome it has been 
to a degree sufficient to be satisfactory for 
street lighting purposes. The combination 
of a gaseous discharge lamp with metal 
filament lamps in the same lantern, or 
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Fir. 8 (left) Interior of a street lantern using gaseous 
discharge lamps Fig 9 (above). The iso-candle polar 
curve of this lantern as actually installed in the street 
shown in Fig II? below 


Fig. 10 (right). Schematic 
lay-out of the lanterns shown 
in Fig 8 as they are installed 
m Fig. 12. Method of connex- 
ion to the supply mams is 
indicated, together with the 
street width and lantern spac- 
ing along the road The high 
efficiency of these lanterns 
allows considerable economy 
to be effected in the number 
of lighting points 


Z Discharge Lamp 
Ch ChokeCoiL 

C Condenser forf^wen Factor Rectihea tion 


4-1 * L Lonaenser Torn>v/er rcucior i^ecunc 

U Kerb 

Mams 








To face pui^c 1 168 



STRING INSULATOR 


polar diagrams of the fit- 
tings being adopted where 
these are symmetrical, or 
isocandle diagrams for 
asymmetrical fittings, the 
necessary candle-power is 
determined. The import- 
ant point that this brief 
outline of planning a street 
lighting installation em- 
phasizes is the exactitude 
with which any desired 
standard of illumination 



light source, gives very 
nearly true colour values, 
and, while not overall so 
efficient as the gaseous 
lamps alone would be, is 
still a marked advance on 
metal filament lamps alone. 

To conform with the 
nature of this new light 
source new styles and 
designs of lanterns have 
been evolved. As regards 
life and candle-power 
maintenance the gaseous 
lamp promises to be as 
good or better than the 
metal filament type. The 
development of a new light source two to 
three times as efficient as existing sources 
can be utilized in two ways. It can be 
applied to give existing illumination 
values at lower operating cost, or higher 
illumination standards without increase 
of operating cost. The latter is obviously 
the better. Details of theory and construc- 
tion of these lamps are given under Gaseous 
Discharge Lamp, and Hot Cathode Lamp. 

Planning a Street Lighting Installation. 

The class of lighting has first to be 
decided upon. Then, based on the width 
of the roadway, tables are consulted to 
ascertain the maximum spacing of light 
sources with corresponding mounting 
height to comply with B.S.S. 307. A 
sketch plan can then be prepared, the 
positions of the light sources being marked. 
From this the test point positions, as de- 
fined in the specification, are determined. 
The minimum light intensity to be made 
available at these points is, again, ascer- 
tained from the tables. Then from the 


. 

STREET LIGHTING. Fig. 13a (above). Stratford Road, Birmingham, 
lighted by gas. Fig. 13b (below). The same street after conversion to 
gaseous discharge lanterns. 

General Electric Co., Ltd , ot England. 

can be designed for, with the certainty that 
it wall be realized by the installation when 
finally carried out. 

STRESS, DIELECTRIC OR ELECTRO- 
STATIC. See Dielectric ; Puncture Strength. 

STRING GALVANOMETER. See 

Einthoven Galvanometer. 

STRING INSULATOR. A number of 
suspension type insulators (q.v.) arranged 
in scries may be referred to as a string 
insulator. This is an economical con- 
struction capable of extension or other- 
wise as circumstances may demand, the 
cost increasing 

roughly in string insu- 

proportion to anchor damp fittings 

the voltapp ^ to string Insulators, 

me V U 1 L ag e . ^ r. E C., Ltd., of England. 
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STROBOSCOPIC TEST 


The pressure is not equally distributed 
over identical insulators constituting a 
string, due to earth capacity effects, and 
close-coupling of the units with guard- 
ring protection against arcing is desirable. 
See Suspension-type Insulator. 

STROBOSCOPIC TEST. A test for the 
synchronization of a rotating meclianism, 
by visual indication. In one formofstro- 
boscop>e a 3 -inch disc is used marked in 
alternate black and wliite portions and 
illuminated by a neon tube operating at 
the same frequency as the apparatus in 
question. The disc is htted to the revolv- 
ing mechanism, and since the light pul- 
sates in accordance with the fluctuations 
in current, for synchronism the whirling 
disc appears to be stationary, due to the 
relationship between the speed of the light 
fluctuations and the size of the disc 
divisions and its speed. Such stroboscopes 
are used in recording apparatus and sound 
tilm work, whilst the photometer disc 
described under Illumination makes 

use of the same principle. 

SUB-CIRCUIT. A sub-circuit is defined 
as a branch circuit connected to a distri- 
bution board or fuse-board fed from a main 
circuit. The I.E.E. regulations (1934 
edition) for the electrical equipment of 
buildings (q^v,) lay down certain require- 
ments in regard to the arrangement of 
final sub-circuits as follows : — 

Final Sub-Circuits. — 201 (A). Every final sub- 
circuit shall be connected to a sepidrate wav on 
a distribution fuse-board, except that where 
there is only one final sub-circuit it inav be 
directly connected to the 
mam swutchgear. 

Above 15 amps- (B). A 
final sub-circuit having a 
rated capacity exceeding 15 
ampfcres shall not supply 
more than one point. 

Up to 15 amps, — (C). A 
final sub-circuit having a 
rated capacity not exceeding 
15 amperes may supply 
any number of points up to 
10, and m such sub-circuit 
the size of every cable (in- 
cluding flexible cord), lamp- 
holder, and socket-outlet, in 
relation to the current rating 
of the fuse-link (or to the 
adjustment of the circuit 
breaker) protecting the sub- 
circuit, shall be in accordance with the require- 
ments of the schedule below. 

Grouped 1 . amp holders.— (D). In cornice lighting, 
panel lighting, and electric signs, where lamp- 
holders are grouped in close proximity to each 


other and are connected to the circuit without 
flexible cords each lampholder shall not, for the 
purposes of clauses (H) and (C) above, be consid- 
ereil to be one point. In tliese ore unistances more 
than TO lampholders may be connected to a final 
sub-circuit, provided tliai the maxnninn w'orkmg 
current in such sub-circuit does not exceed 10 
amperes, and also yirovided that any such electric 
sign is eonti oiled by a cut-out on each pole and a 
multi-pole (linkt'd) switch, or by a miilti-polc' 
(linkctl) circuit breaker, subject to the observance 
of Regulations 112 to 114 inclusive and Regula- 
tion T204. 

Circuit lu'ediug Soc Icft-oiiilrts — (IC). A flnal 
sub-orcuit supplying current to cuie or more 
3-ampere socket-outlets, or t(i a ]3-am])ert‘ 
socket -outlet, shall have its conductors of such 
cross-sectional area as will pcTinit of their carrv- 
ing the total current corresjKmding to the sum 
ol the ratings of every socket-outlet connected to 
such ( ircuit. 

2-amp. Soc — (E) A 2-amj:)ere 
socket-outlet intended for lighting only mav, 
for the piir])oses of clauses ( 15 ), (('), Jmd (E) 
above, be deeiiK'd to be a jioint suppl)'ing one 
lainj). 

(G). Sub-nrcuit cut-outs inouiited in acTord- 
ance with Regulation (>14 shall be pro\ided for 
the ])rotcctK)n of final sub-circuits siipjflying 
socket -outlets, irrespective of the use tluTCwath 
of plugs or socket-outlet aila])lors containing 
cut-outs 

Fittni^s Wire — (Ilj. l-ittings wire shall be 
list'd onlv for tlie internal wiring of fittings. 

Stzc'i of Plcxihle Co}i(lHifo}\. — ( 1 ). In tlie event 
of tlie leadjiistinent of a circuit lircaker or the 
rcplacciiK'iit of a fusc-hnk protecting <i final sub- 
circuit by a fuse-link ot l.iigcT rating, every 
flexible conductor c onnected to the sub-cjrcuit 
shall be increased in si/e, where ntx ccsscii y, m 
order to conform witli columns i, 2, and 0 ol 
the scht'dule referred to in clause ((') above 

Size of Lampholder^.- (J). The size of every 
laiepliolder fittc'd on a final sub-circuit shall 
depend on the current rating of the* fusc'-hnk, ot 
the adjuslnieiit of the circuit bi taker, protecting 
the circ uit. 


SUB-STANDARD. A grade of accuracy 
for instruments adopted by the B.S.I. as 
discussed under the heading Instruments. 
See also Wattmeter. 


r Wheir a fin.Tl sub-f iicml pmlft bv a fir(uit bif.iUfi or fuse-link 
or r.ited in acfordanci with column 1 f)r loluniii j 1 espi ctiv( 1\', tlicui 
th» sinalJrst ( abli s and tb-viblr irds that may be usid in any pait of ■-ui li sub- 
cirtmt vvjthoiit fuithiT protection [^5 Kcgulalioiis 202 , 20J, O07 (1), ami iliij 
are show'll in toJuiniis 4 to 6 
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SUB-STATIONS: MANUAL AND AUTOMATIC 

By C. C, Garrard, Ph.D., A.Am.LE.E., and C, J. O, Garrard, M.Sc. 

This article first discusses the construction and lay-out of indoor and outdoor 
manual sub-stations for interconnexion and distribution, with a special note on 
“Grid” sub-stations. Next a description is given of the operation and 
functioning of completely automatic sub-station apparatus, concluding with a 
section on supervisory control. See Converter ; Mercury Arc Rectifier ; Power 
Station ; Remote Control; Switchgear; Transformer, etc. 


A sub-station is defined by the B.S.L 
Glossary of Terms used in Electrical 
lui^dneerin;:^^ as " an assemblage of eciuip- 
ment installed for the sup^ply of electrical 
energy and comprising converting or 
transforming machinery, batteries or con- 
trolling apparatus but no prime movers.*' 
The term includes indoor and outdoor 
sub-stations from the simple pole-mounted 
distribution translormer sub-station of a 
few k\*A capacity to the large indoor 
rotary coin’crter sub-stations for electric 
traction and the still larger outdoor trans- 
former and switching sub-stations such 
as are used on the national “ Grid ” 
system. 

Sub-stations may be classified according 
to their object into ' 

1. Interconnexion sub-stations, such as 
those of the “ (irid,” which are used for 
connecting together different sections of a 
transmission system or linking separate 
transmission systems. vSuch stations may 
on occasion ha\'e no transforming 
machinery at all, but only .switchgear. 

2 . Distribution sub-stations, which are 
Used tf) su))plv a low-tension network 
from a high-tension system, and convert 
the elt'ctrical energ\^ into a form suitable 
for (:onsum}>tion. 

A subdivision is also possible according 
to the type of machiner\' used, trans- 
formers, rotary-coin erters, n'ctihers, etc. 

3. SviK'hronous condenser stations 
which supply only the reactive powtT 
refjuired to pre.serxe the stability and 
regulation of long tiMiismission lines. 

A second classilication is possible accord- 
ing to the type of enclosure Used, into : 
I. Indoor sub-stations ; 2. I'nderground 
sub-stations ; 3. Outdoor sub-stations ; 

4. Kio.sk sub-stations. 

Finally, they may be distinguished 
according to the type of control, whether 
manual, automatic, or supervisory. 

Indoor Sub-Stations. Rotating machinery 
demands adequate protection from the 


weather both for itself and for the persons 
who have to look after it. For this reason 
indoor sub-stations are almost invariably 
used when the converting machinery 
consists of rotaries, motor-converters, and 
so on. In America several synchronous 
condensers have been installed in the open 
air ; they are, however, completely enclosed 
in an air-tight shell and use hydrogen for 
cooling instead of air. 

Where space is limited two- or three- 
storey buildings may be used, the heavy 
machinery and transformers being on the 
ground floor and the switchgear above. 
It is thus possible to achieve a desirable 
result, namely, the isolation of different 
pieces of apparatus from one another. If 
all the apparatus is on the ground floor 
it may be lodged in a number of separate 
com])artments. 

The ventilation of sub-stations is very 
important. The losses of the machinery 
appear as hot air, which must be evacuated. 
In addition, care must be taken that, with 
changes of temperature and humidity in 
the atmosj)here, undue condensation does 
not take place in the station. To assure 
this, artificial ventilation and heating are 
occasionalh^ necessary. 

Buildings must be made as fireproof as 
possible, ]).irticular attention being paid 
to rapid and safe drainage of oil, which 
may leak as the result of damage to trans- 
lornier and circuit-breaker tanks. 

Underground Sub-Stations. These are 
used exclu.^ively in urban areas where it 
is impossible to obtain .sites for ordinary 
Stations, and their construction presents 
many problems. Except in the case of 
undergrouiul traction sub-stations, the 
apparatus is usually confined to trans- 
formers and switchgear. Particular 
attention must be paid to the question of 
flooding and adequate ventilation be pro- 
vided. Wherexer po.ssible the chambers 
containing the apparatus should be above 
sewer level so that drains can be installed ; 
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SUB-STATION. Fig. 1. One of a group of high- 
speed circuit breakers used to protect the feeders of a 
sub-station. 


Central Electric Co , Ltd., of England. 


where this is not possible it is frequently 
necessary to arrange a sump into which 
any water that enters the chamber can 
flow, and empty this periodically by 
means of a portable pump or automatic- 
ally by a float-operated pump. 

Ventilation can be by means of a 
chimney opening some distance above 
pavement level, the hot air being relied 
upon for inducing a draught. 

Kiosks. For small installations sheet 
steel kiosks are economical, convenient and 
occupy a relatively small space. In these 
the transformer, H.T. switchgear and L.T. 
distribution gear occupy separate compart- 
ments, and the whole assembly possesses 
a high degree of safety to the operator. 

Outdoor Sub-Stations. For extra high 
voltages, where large clearances between 
phases and to earth are necessary, out- 
door sub-stations are very attractive, 
both on account of cheapness and ease of 
installation. They are also used for rural 
distribution systems where the reduction 
of cost is all-important. 

Open type gear is most generally 


employed, although of late outdoor type 
metal-clad switchgear has come more and 
more into favour, particularly on the 
lower-voltage sections of the Grid.** 
(For a description of such apparatus see 
Switchgear.) 

As is the case with underground sub- 
stations, the apparatus in outdoor stations 
is usually confined to transformers and 
switchgear ; the general principles govern- 
ing the lay-out of such apparatus are dealt 
with under the heading Switchgear. 

Outdoor sub-stations may be classified 
conveniently, according to the arrange- 
ment of the supporting structure, into 
high, medium and low t^q^es. 

The high type is used principally for 
large sub-stations and where space is 
scarce, as the use of either of the other 
types would lead to the superficial area 
of the station being excessive. The trans- 
formers and oil circuit breakers are 
mounted on the ground, with the isolating 
switches above and the bus-bars above 
these (Fig. lo). This construction has the 
disadvantage of being expensive, both on 
account of the supporting structure and 
of the operating gear for the isolating 
switches. 

In the medium type of station (Fig. 7) 
circuit breakers and isolating switches are 
mounted at about the same height, the 
latter being supported on frameworks 
about 6 ft.-7 ft. high, and the bus-bars are 
above the isolating switches. This has 
the advantage of giving a very simple 
arrangement and one that is easy to 
follow. 

In the low type, bus-bars, isolating 
switches and oil switches are all more or 
less at the same height. This arrangement 
effects the maximum economy of support- 
ing structure, but requires much space. 
The conductors must be at such a distance 
from the ground that it is possible to walk 
underneath them in safety, even after a 
heavy fall of snow. 

For high structures lattice masts and 
girders are commonly used, although from 
many points of view they could advan- 
tageously be replaced by girders built up 
of plates and rolled sections ; lattice 
structures are relatively expensive to 
paint and being somewhat bulky are 
liable to confuse the view of the apparatus 
mounted on them. They are, however. 
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light and cheap. Solid girders give a 
neater appearance and are easily painted. 
Reinforced concrete is useful as it requires 
no painting at all, but is rather heavy 
when large spans have to be erected. 
Large clamps are necessary to fix the 
apparatus to concrete beams which tends 
to increase the cost. 

Central Electricity Board “ Grid Sub- 
Stations. The extra high-tension and 
medium-tension sub-stations of the Grid 
are very good examples of the best modern 
practice in sub-station construction. 

These 132-kV sub-stations are of three 
Types, each containing several sub-types 
distinguished according to the arrange- 
ment of the connexions and each denoted 
by a special nomenclature. This is made 
up of three figures and two letters. Thus 
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SUB-STATION. Fig. 2 (left). Connexions of three 
circuit breaker 132-kV " Grid " sub-station. Fig. 3 
(right). Connexions of single circuit breaker “ Qnd 
sub-station. The two isolating switches in series 
allow for cleaning as each Isolates the other. 
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Fig. 4. Connexions 
of typical mesh 
type of 132-kV 
*'Qrid’* sub- 
station. 
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5. Schematic arrangement of connexions 
duplicate but-bar type of** Grid " sub-station. 


of 


type 2S2X1 denotes that 
there are two feeders or line 
sections (2), coupled by a 
sectionalizing switch or 
circuit breaker (S), two 
transformers (2), and one 
cross-over (X). The final figure (i) denotes 
the total number of high-tension circuit 
breakers. 

arc known as "cross-over” 
Type 3S2M6 has three feeders 
sections and two transformers 
connected in mesh by 6 section 
and transformer circuit 
breakers. Such stations are 
known as " mesh ” stations. 

Finally there are larger 
stations in which duplicate 
bus-bars are used. 4B2D7, for 
instance, provides for bar 
coupling of four line sections 
and two transformers on to 
main and auxiliary bus-bars through six 
line and transformer circuit breakers and 
one bus coupling switch. 

In general, medium construction is used 
for cross-over and mesh stations, while for 
bus-bar stations high construction is used. 
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Automatic Sub- Stations 

The replacement of attendants in 
sub-stations by automatic machinery 
is being pursued more and more actively, 
and the argument for automatic sub- 
stations can be based upon many consider- 
ations both economic and technical. 

The economic ad\'antages of automatic 
sub-stations are, of course, the decisive 
factor leading to their adoption, altliough 
technically they ha\’e so many good points 
that ev^en at ecpial cost a very good case 
could be made for their use. 

Comparative Costs. If a sub-station is 
manually operated an attendant must be 
present whenever machines are started up 


operation, with automatic reclosing circuit 
breakers and a com]:)lete set of .safety 
devicesand interlocking, would not exceed 
about £400 per set, making a total of £ 1,200 
for the station. The necessary attendance 
could be provided by an electrician visiting 
a series of sub-stations in rotation ; 
assuming that he had .six to visit, each 
would then have to bear one-sixth of the 
charge due to the attendant, say £ 1 , 000 , 
making a total of £ 2,200 per station, as 
compared with 6,200 if a whole-time 
attend.int were employed. 

A great advantage of automatic sub- 
stations is that their unit ca])acity can be 
kept smaller and their number increased 



SUB-STATION. Fig. 6. Mercury-arc rectifier sub-station on the Southern Railway at Star Lane. Operated 
by remote control, each sub-station being fed from the ‘‘Grid ” at 33,000 v. Special features are E.H.T. outdoor 
switchgear and transformers with indoor 2,500 kW. steel tank mercury-arc rectifiers and high speed circuit 
breakers. The building containing the indoor equipment is seen on the right 
f'ouite’.it of thr Southern Jtiiiluai/ 


or shut down, and must be available at any 
time during the day or night in case of 
failure of any apparatus. If a single 
attendant only is employed he must 
therefore live in or adjacent to the sub- 
station, so that he can be alarmed if a 
breakdown occurs during the night. It 
constant attendance is required, it is 
necessary^ to have two or three attendants 
working in shifts. Capitalized on the basis 
of a salary of £5 per week, a house for the 
attendant at £400 plus rates, and certain 
necessary constructional features in the 
station itself, the total involved in the 
employment of a single attendant may 
amount to £ 6 , 200 . 

Suppose now a sub-station contains 
three rotary converters. The extra cost 
of equipping these for full automatic 


as compared with manual stations, and 
that they can thu-. be situated nearer the 
load. The po.ssibility of installing auto- 
matic sub-stations in positions (under- 
ground, in cellars, and so on) where it 
would not be possible for attendants to 
remain permanently, frecjuently enables 
the capacity of existing distribution net- 
works to be so increased by the provision 
of a number of .small .sub-stations near the 
heaviest load concentrations, that it 
becomes possible to meet the growth of 
load without laying new feeders, a measure 
which otherwise would be necessary. 

The chief technical advantages of 
automatic stations are the increased 
reliability that can be obtained, the more 
economical utilization of the apparatu.s 
which can be started and shut down at 
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Fig. 11. Manual control rotary converter sub-station on the Southern Railway. Two 1,500-kW. converters are 
employed to transform 11,000 v. 3-phase 25 cycles A.C. into C60 volts D.C. The positive bus-bars are connected 
through high speed circuit breakers of 3,200 amps, capacity. 
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the instant required by the load, without 
waiting for the attendant, better volt- 
age regulation than is easily obtainable 
with hand operation, and finally quicker 
restoration of service after breakdowns. 

In automatic sub-stations very complete 
arrangements are made for automatically 
setting out of service any machine which 
overheats or in any way becomes defective. 

Operation of Automatic Sub-Stations. 
The functions that an automatic control 
eejuipment in a sub-station must j)crform 
are roughly as follows : 

(1) It must set in operation a sufficient 
'capacity of ])lant just to meet the load at 

any instant and thus utilize tlie available 
machinery in the most economical manner 
possible ; 

(2) while in service it must supply 
power to the distribution network at 
constant voltage ; 

(3) it must shut down the plant im- 
mediately a decrease of load allows it ; 

(4) it must diagnose and remedy any 
fault that may occur, either by clearing 
the fault and restarting the affected 
machinery, or if the machinery itself is 
faulty, by shutting it dow'ii and replacing 
it with other units. 

The ty])e of converting machinery in the 
sub-station, whether rotary converters, 
motor converters, rectifiers, and so on, 
does not .il’fect the jnincijiles uj)on which 
the operation of the automatic gear is 
based. Descriptions of the different forms 
of converting machinery will be found 
under the headings (\)n\'erter ; Mercury 
Arc RectifiiT ; Transformer, etc. 

The operations which have to be per- 
lormcd automatically vary, of course, 
with the tvpe of machinery in use. 

If transformers alone are used the neces- 
sary manipulations are conlined to opening 
and closing H.T. and L.T. circuit breakers 
and supervising the tcm])erature of the 
tiansformers, and so on. 

If, as is more commonly the case wath 
automatic sub-stations, rotating convert- 
ing machinery is used, the operations are 
more comjilicated. The units must be 
started uj), synchronized on the A.C. 
side, and then paralleled on the D.C. side. 

Functioning of Automatic Apparatus. 
This may be divided into three headings : 

(A) the initiation of starting up and 
shutting down ; 


(B) the process of starting up and 
shutting down ; 

(C) the operation of safety devices. 

(A) The need for putting into service 
more converting machinery may be in- 
dicated either by the voltage on the line 
falling below the statutory limit, or by the 
output of the machines actually running 
exceeding a certain value. Relays are 
therefore used which react to such changes 
of conditions, and give impulses which 
initiate the process of starting up addi- 
tional plant. It is desirable that temporary 
fluctuations of voltage or load should not 
result in machines being started up. In 
order to y)revent this, all such relays are 
provided with time lags of one to three 
minutes, so that they do not close their 
contacts unless the variation lasts for a 
time in excess of the lag. 

There are many types of load which 
fluctuate more or less regularly at the same 
times every day. In such cases the relay 
control may sometimes be combined 
advantageously with time-switch control. 
The time switch may, for instance, be 
used to start up additional machinery a 
few minutes in advance of the time at 
which it is known that a large increase of 
load regularly occurs. 

In some cases it is thought desirable 
that the running of plant in the sub- 
stations should not be entirely automatic, 
but to a greater or less extent under the 
control of an operator in some central 
position. This is where one of the several 
systems of remote or supervisory control 
may be used. 

Where the only operations that it is 
desired to perform are the starting up and 
stopping of machines, and perhaps the 
reading of a summation wattmeter for the 
sub-station load, ordinary remote control 
with multicore cables may be used. 

In this system, the starting up and 
shutting down impulses come from the 
central control station instead of from 
relays in the sub-station itself. The actual 
starting, synchronizing, and shutting down 
of the machinery is done automatically 
as in fully automatic sub-stations ; 
an indication whether each machine is 
running 01 idle and its load or any other 
factor can then be transmitted to the 
control station and shown on a control 
board. 
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SUB-STATION. Fig. 12. Principle of “ interlock " type of automatic gear as applied to a rotary converter. The 
sequence of operation it: (1) Starting impulse received : (a) By distant control ; (b) By low D.C. voltage on 
bus-bars (time delay fitted) ; (c) Time switch. (2) Oil switch closet. (3) Main transformer energized. (4) Starting 
contactor closes. (6) Machine runs up. (6) Synchronizing contactor closes. (7) Machine Is pulled into synchronism 
and held there. (8) Running contactor closes. (9) Machine parallels. (Detailed key above.) 
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When it is desired to indicate more 
factors, or the sub-stations are large and 
complicated, or where they arc very 
numerous or situated at considerable 
distances from the control station, the 
use of pilot wires or cables becomes pro- 
hibitively expensive. When this is so, 
recourse can be had to automatic telephone 
equipment for a solution. 

The principle of automatic telephones 
(q.v.) is to allow of the selection by each 
transmitter of one out of any number of 
receivers, and the principle can be ex- 
tended to allow of controlling at a distance 
any number of factors by means of a very 
limited number of connecting wires. Such 
a system is known as supervisory control 
{see below). 

Starting and Stopping the Converters. 

,(B) Starting up and shutting down a 
converter involves carrying out a number 
of operations in the correct sequence and 
at prescribed intervals. There are two 
methods of doing this which are generally 
used. These are : 

(i) The “ interlock" method. Here the 
sequence of operations is assured by a 


number of auxiliary or interlock contacts 
on each main switch and contactor. Thus 
the closing or opening of each main contact 
initiates the opening or closing of those 
which should follow it. 

(2) The second is the " controller " 
method. Here the interlock contacts are 
partially or wholly replaced by contacts 
on a drum controller. This is started and 
stopped and rotated at such a speed that 
the sequence of operations is carried out 
correctly. 

The interlock system has the advantage 
of being more straightforward ; in addi- 
tion no operation can take pdace until 
those p')reccding it have been correctly 
comp)leted ; on the other hand the use of 
the controller enables the auxiliary wiring 
to be considerably simplified, and the 
auxiliary contacts to be concentrated in 
one piece of apparatus instead of scattered 
over the installation. 

Protection of Automatic Sub-Stations. 

(C) In order to protect plant which 
runs the greater part of its time without 
supervision, a complete system of safety 
devices must be used. As far as possible, 
these should be so arranged that there is a 
double protection against each possible 
type of fault. In this way damage due to 
the failure of a safety device becomes 
almost impossible. 

Faults may be divided into two classes : 

(1) Those which are not due to failures 
in the sub-station, e.g. : 

Low A C. volts (H.T ), 

Interruption of supply on one phase only, 

H.T. A C. overload, 

D C overload. 

The protective apparatus is so arranged 
as to shut down the plant on such a fault 
occurring and allow it to start up again 
after a certain interval and after the fault 
Itas been cleared. 

(2) Those which occur in the sub-station, 
e.g. : 

Leakage to earth on machines or transformers, 

Faulty start. 

Failure of held circuit on machines, 

Overspeed, 

Reversed polarity, 

Overheating of bearings, windings, trans- 
formers, etc. 

Here the protective devices are arranged 
in some cases to shut down the machine 
in question immediately, and prevent it 
restarting until it has been inspected and 
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SUB-STATION. Fig. 14. Control board for supervisory control of 
two sub-stations. The cabinet containing the relays, etc., is behind. 
General Electric Co , Ltd , of Enahind. 


the relays reset manually, or the machine 
may be shut down and rcsteirted after an 
interval. If the fault still persists it will 
shut down again. This process may be 
repeated say three times, after which if 
the fault still persists it is shut down 
and locked out. 

Supervisory Control. The principle of 
this system is to allot a distinctive number 
to every operation which it is desired to 
perform in each sub-station, just as on a 
telephone system each subscriber has his 
number. The control switches are then 
arranged so that each dials automatically 
the number corresp)onding to the operation 
which it jierforms. This results in the 
connexion being made which enables the 
desired operation to be effected. 

Similarly, if it is desired to read an 
instrument, depression of a key belonging 
to it selects the corresponding circuit in 
the sub-station and makes the connexion 
automatically. An important feature of 
the best supervisory control systems is 
an automatic check back, which enables 
the operator to be certain that no error 
has occurred in the connexion of the 
control switch to the controlled apparatus. 
The principle is that the receiving equip- 
ment at the sub-station is duplicated at 
the control station, and the series of im- 
pulses which is received at the sub- 
station each time a control switch is 
operated, and results in the selection of a 
certain circuit to be controlled, is stored 
up automatically and then letransmitted 
to the control station, where it results in 
the lighting up of a signal lamp correspond- 


ing to the control switch in 
j question. The operator thus 
has visual indication that 
the functioning of the dis- 
tant control gear is correct 
and can jiroceed to carry 
out the ojieration desired 
with full contidcnce. 

Traction Sub - Stations. 

.\utoniatic sub - station 
})racti('e with supervisory 
control is exemidihcd in 
mercury arc rectifier sub- 
stations of the Southern 
Railway. The outdoor sec- 
tion consists of the 3 5,000- 
volt K.l l.T. switchgear and 
translormers (illustrated in 
page 1174), the rectiUer, its switchgear and 
the supervisor}^ equi])ment being indoors. 

Each sid'-station, winch is oik‘ of a 
(ham, is sii})plied with three jihase energy 
at 33,000 volt^ 50 CN'cles from the “ (jrid 
through a Southi'rn Railway lable which 
is prar'tically a ring mam. M the sub- 
station the ring mam jiasses through dupli- 
cate isolators and oil switches, tlie supply 
of the rectilier unit being ol)tamed In^ a 
tee-ofl with its own isolator and oil switch. 
Each oil swit(“h, wIik Ii is motor operat(‘d, 
has a ruj)turing c.ipac ity of 500,000 kXA. 

A j,5oo-k\\' ste(‘l tank mercurx' arc 
rc'ctilier is installed in t‘ach sub-station. 
High sjieeci circuit bn'akers ('ontrol distri- 
bution to till' ('onductoT rails 

The suj>ervisory ecpiipment ('onsists of 
a synchronized .select(jr and associated 
rela\’s. a large number of switches Ixnng 
controlled through the same ])ilot wires. 

A rotar\' conx’erter sub-station on the 
Southern Railw^ay is illustraterl in the 
Plate facing j). 1174 
Source of Power for Control Apparatus. 
Idle control apparatus of an automatic sub- 
station requires a source of current avail- 
able at th(* instant the station is started up 
and remaining available in a breakdown, 
'f'here an^ a number of alternatives : 

I. A storage baltcry. 2. An auxiliary 
transformer fed from the H.T. supply. 

3. The L.T. side of the main transformer. 

4. The D.C. bus-bars. 5. The D.C. 
terminals of the converter. 

Storage batteries are not suitable tor 
automatic stations as they require too 
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much attention. The scheme most gener- 
ally adopted is to use (2) for operating the 
A.C. circuit breakers and a combination 
of (4) and (5) for closing the D.C. circuit 
breakers and so on. 

The interested reader is referred to the 
following pa])crs for more detailed de- 
scriptions of sub-station practice : 

“ 'FJic J.owcr-VolUij'o St‘( tions of llie British 
Grid Systc'ni/' by C W Marsliall. JJKE, 
vol. 74, }) 105. 

'i'lic Construction of the ‘ Grid ’ Transmis- 
sion System in Great Ihitain,” J. Wright and 
C. \V. Marsliall, ] f E H , vol. O7, p O85 

" The l^e^ign of Static Sub-stations for High 
Voltages,” C Atkinson, J.T K E , March, 
1927, p 253 

” The Design of City J^istribution Systems,” 
J. K. Beard and T G N Tfaldane, J 1 E.E , 
vol f)5, p 07 

'Fhe J)esign of Static Sub-stations with some 
notes on their EqugniK'iit,” N. Tliornton, 
J 1 E.E., Nov , 0)24, ]) ^7 

SULPHATING. T\>pularly, a sulphated 
cell is one l)adly o\er-discharged, but 
the lead-acid cell operates only because 
it becomes sulj)liated. ('onsequently, 
sulpliating is a matter of degree, which, 
provided it does not continue beyond 
the safe voltage discharge limit, is neces- 
sary and normal. Only when discharging 
continues beyond the safe limit, when 
the cell is stood aside in a discharged 
state, or when imjiuritics are m the 
electrolyte, does harmlul sulphation occur. 
This latter condition is known as over- 
sulpJiatiou and is geneially indicated by 
the plates liecoming white, lirst m .spots 
and then covered by a coni muons white 
layer in aggraxated cases. Thrs condition 
is very ihrfKMill to remedy and jrrexen- 
tion is thereloie e^.^ential. The best wav 
to keep a li'ad-.icid cell healthy is to 
have it m continual though propel use 
(.see C'harging and ('harging Systems). 

('harging ovia -suljrhated cells at low 
rates will often improx'c their condition, 
but it must be continued until cell voltage 
ceases to rise further, and the process may 
take up to three days or more to complete. 

SUMMATION OF A.C. LOADS. A 

device or arrangemt‘nt lor obtaining in one 
meter a registiation corresponding to the 
aggregate energy or reactive volt -ampere- 
hours carried by a number of iiuh’pendent 
circuits fed from a single source of supply. 
Summation metering equipments are used 
extensively to measure maximum demand 


in kVA when supplies from the " Grid are 
obtained through two or more feeders. To 
obtain this demand, it is necessary to know 
the aggregate demand on the several 
circuits both in kW and in kVAh. There 
are several methods available for the sum- 
mation of the loads in two or more circuits. 
The.se are briefly described : 

(a) A meter may be used with several 
windings each connected to a current 
transformer in one of the circuits whose 
load is to be aggregated. This method 
requires non-standard instruments and is 
not favoured. 

(b) When the rated primary currents of 
all the circuits are the same, the secondary 
windings of the current transformers can 
be all connected in parallel to the current 
coil of a summation meter. This method 
is not suitable if the ratings of the circuits 
differ, and it is liable to errors of a similar 
character to those explained under Sum- 
mation Transformer if the circuits are 
unequally loaded. 

(c) A .single meter may be supplied from 
the .secondary of a summation current 
transformer {q^v.). 

(d) When two circuits only have to be 
aggregated, a double meter can be used 
winch consists of two 3-phase combina- 
tions communicating torque to a single 
moving system. 

(c) The system used for the '' Grid " 
can be described as electro-mechanical. 
Here a meter in each of the circuits whose 
load is to be aggregated communicates an 
impul.se to the summation meter for each 
revolution it makes by means of a light 
contact on the moving element. Each 
impulse adxances the summation meter 
the correct amount by a step by step 
procerus. The summation meter is so 
designed that, it two impulses are received 
simultaneously, they are both registered. 
By the u.se of both energy and reactive 
meters in the individual circuits, the 
aggregate kWh and reactive kVAh are 
obtained. 

SUMMATION TRANSFORMER. A 

current transformer whose secondary cur- 
rent is proportional to the vector sum of 
the currents in its several primary wind- 
ings. A summation transformer has a 
number of primary windings which are 
usually connected in the secondary circuits 
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of the current transformers of the main 
circuits whose loads are required to be 
aggregated. If the main currents have 
different ratios, the numbers of the turns 
on the primary windings of the summation 
transformer are in the proportion of the 
rated primary currents of the respective 
current transformers. The secondary 
circuit of the summation transformer then 
has its maximum rated value when all the 
main circuits are carrying their rated 
currents. 

The errors of the 
secondary current of a 
summation transformer 
are due to both the error 
of the summation trans- 
former itself and to those 
of the main transformers. 

There is an additional 
error if the currents in 
the main circuits are not 
in proportion to their 
rated values, the nature 
of which will be under- 
stood if it be assumed that one of these 
main circuits is open and carries no current. 
In this condition there will be no E.M.F. 
induced in the secondary of the current 
transformer in the idle circuit. This 
secondary will then behave as an additional 
secondary circuit of high impedance to the 
summation transformer, and it will divert 
from the true secondary circuit a small 
proportion of the current produced by the 
main circuits which are carrying load. 
The summation transformer is not, there- 
fore, a very accurate method of aggregat- 
ing the loads carried by a number of 
circuits. 

SUMPNER’S METHOD : of Transformer 

Testing. This is a method for determining 
the efficiency of tw^o similar transformers 
in which the losses are measured directly. 
The method is analogous to Hopkinson's 
test for dynamos and is shown diagram- 
matically above for two single-phase 
transformers. Each transformer supplies 
power to the other, but being connected 
back-to-back (or in opposition) the power 
drawn from the mains is only that re- 
quired for supplying the sum total losses 
of the two. In the diagram, Tj and Tg are 
the transformers under test, the low- volt age 
windings both being connected in parallel 
across the supply and the high-voltage 


windings to each other in opposition. The 
L.T. winding of T^ is connected in series 
with the secondary winding of an auxiliary 
transformer A.T., the function of which is 
to raise or lower the voltage across the 
L.T. winding of Ti so that the H.T. voltage 
is different to the v’^oltagc across the H.T. 
winding of Tg. Currents will circulate in 
the transformer windings depending upon 
the difference in voltages. The voltage 
across the secondary of A.T. can be regu- 
lated by the v’ariable resistance R. 

The currents in the 
primaries of T^ and Tg 
arc in opposite directions, 
so that the net current 
drawn from the mains is 
only that required to 
sui)ply the losses of the 
two and the magnetizing 
currents. Wattmeter 
\\\ measures the total 
power taken by Tj and 
Tg, while Wg measures 
the power supplied by 
A.T. With all switches closed, except S^, 
and the secondary of A.T. temporarily 
short-circuited, W^ will read the total no- 
load losses of Tj and Tg, and the ammeter 
A, the no-load current of Tg. If now 
be closed, the temporary short circuit 
across A.T. removed, and R adjusted to 
give various load current readings on A, 
Wj gives the watts iron loss and Wg the 
watts copj)er loss of Tj and Tg. 

The total losses are the sum of the watt- 
meter readings. The load on T2 is the 
product of the voltmeter and ammeter 
readings. The los.ses in leads and instru- 
ments should be deducted from the 
reading of Wg. The efficiency of each 
transformer is then output -i- (output + 
i total losses). See Hopkinson’s Test. 

SUPERHETERODYNE RECEPTION. 

The special feature of superheterodyne 
reception compared with other systems 
is the incorporation of a frequency- 
changing de\dce which converts the fre- 
quency of all received signals, whatever 
the wave-length, to a definite fixed radio 
frequency, different from that of the 
received signal and usually of a lower 
value. The new frequency is referred to 
as the intermediate frequency (LF.), 
and the main degree of H.F. amplification 
is effected at the intermediate frequency 
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before the signals are applied to the 
detector proper. 

The first advantage to be gained from such 
a system is that it enables the necessary 



SUPERHETERpDYNE RECEPTION. Fig. 1. Sche- 
matic diagram illustrating the successive stages in a 
" superhet.” 


degree of H.F. amplification to be effected 
at a frequency more convenient than the 
original frequency, as far as efficiency and 
selectivity per stage is concerned — much 
higher amplification and selectivity per 
stage are possible at lower radio fre- 
quencies than at high ones, and stability 
is more easily attained. For these reasons 
the intermediate frequency is nearly 
always chosen to be considerably lower 
than the lowest signal frequency to be 
received. An exception to Ibis rule is to 
be found in single-span tuning {q.v,). 
For reasons connected with interference 
an intermediate frequency of about no kc. 
is usually adopted for reception of Euro- 
pean broadcasting. So in a superhetero- 
dyne broadcast receiver all signals in the 
broadcasting bands between 1,500 and 
150 kc. have their frequencies changed to 
no kc. 

A second advantage is that the inter- 
mediate frequency amplifier is required 
to operate at a single frequency only, 
requiring no variable tuning and involving 
more or less constant sensitivity, selec- 
tivity and quality of 
reproduction for all 
signal frequencies. 

The return of the 
superheterodyne to 
popularity is mainly 
due to the advent of 
band-pass tuning. 

The inclusion o f 
band-pass filters in 
the intermediate fre- 
quency amplifier en- 
ables the inherently 
high selectivity of the 


lower radio-frequency circuits to be re- 
tained, whilst at the same time eliminating 
the severe side-band cutting associated 
with ordinary tuned circuits of high 
selectivity. Other factors are the prac- 
ticability of ganged controls and the 
introduction of special frequency changer 
valves of the heptode or pentagrid class. 

Principles of Operation. The various 
stages are indicated in Fig. i, and a skeleton 
circuit is given in Fig. 2. 

The pre-selector stage may or may not 
incorporate a stage of H.F. amplification 
at the received signal frequency. In any 
case this portion is identically the same as 
for an ordinary “ straight ” receiver. 
Where extreme selectivity is required the 
signal frequency circuits include band-pass 
tuning and a stage of H.F. amplification. 

The Frequency Changer. The nucleus of 
the superheterodyne receiver is the fre- 
quency changing device which always 
operates on the heterodyne principle (g.v.). 
It therefore comprises a generator of 
continuous oscillations (the oscillator) and 
a rectifier. In some types these functions 
arc performed by separate valves and in 
others a single multi-grid valve is used, but 
the principle is the same in both cases. 

Both the locally generated oscillations 
and the received signal oscillations are 
applied to the rectifier, which is usually 
known as the first detector. They combine, 
and when rectified give a beat frequency 
equal to the difference between oscillator 
and signal frequencies. The modulation 
frequencies of the original signals are still 
retained in the new intermediate-frequency 
variations. 

Suppose that a 300-metre signal is being 
received, its frequency being 1,000 kc., and 
that the intermediate frequency is no kc. 
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2 Skeleton diagram of superheterodyne circuit. Portion enclosed by 
dotted line comprises the frequency changer (Ist detector and oscillator). 
Courtesy of *' The Wireless Uorld '* 
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Then the oscillator frequency must be 
either i.iio kc. or 890 kc. Thus if the 
oscillator variable condenser were not 
ganged to the tuning condenser(s) of the 
pre-selector circuit there would be two 
possible settings of the former for the 
reception of any one station. With ganged 
tuning, however, this effect is not possible. 
Ganged tuning condensers for super- 
heterodynes ha\e one section with the 
vanes differently shaped from those of the 
remaining sections so a.s to give the 
required frequency difference of no kc. 
over the whole tuning range. 

In the skeleton diagram of Fig. 2, 
separate ist detector and o.scillator valves 
are showm in the frequency changer, which 
comprises the portion enclosed by the 
dotted lines. The local oscillations are 
conveniently fed to the ist detector via 
the cathode with indirectly heated valves. 

The intermediate-frequency amplifier 
posses.ses no special features other than 
that no variable tuning is nccessar\\ The 
band-pass filter(s) comprising the inter- 
valve circuits may have adjustable coiip> 
ling to enable the best compromi.se to be 
effected between selectivity and quality 
under receiving conditions. The 2nd 
detector or detector proper separates out 
the required audio-frequency variations 
from the intermediate frequency and the 
succeeding L.F. and output circuits are 
conventional. Automatic volume control 
is usually incorporated in modern recei\'ers. 

Second Channel Interference. It will be 
realized that an oscillator frequency of, 
say, 1, 1 10 kc. will produce a heat frequency 
of no kc. not only with a 1,000 kc. signal 
frequency but also with a signal frequency 
of 1,220 kc. Thu.s two stations working at 
these frequencies would be received simul- 
taneously if the pre-selector circuit referred 
to were not included, and for this reason 
an initial H.F. stage is frequently incor- 
porated when a high degree of selectivity 
and freedom from “ second channel inter- 
ference " is necessary. 

The superheterodyne is necessarily 
somewhat more complicated than the 
straight receiver, but once the initial 
adjustments of ganging, etc., are correctly 
made no more trouble should be 
experienced than with a multivalve 
'' straight " set. It should be remembered, 
however, that the ganged condensers must 


be so “ trimmed ” that the same frequency 
separation (no kc. in the e.xamplc given) 
occurs over the whole range. If the 
receiver develops miscellaneous hetero- 
dyne whistles and lo.ses sensitivity over 
part or all of the tuning range, in all 
probability the ganging has got out of 
adjustment and should be investigated. 

SUPERSCALE INSTRUMENTS. Ihc 

trade name of a tyjx' of indicating instru- 
ment of the moving-coil or moving-iron 
types, manufactured by Everett Edg- 
ciimbe cS: Co., Ltd., in which the angle sub- 
tended by tlie .scale is somewhat greater 
than that ot tlie earlier types. The in- 
crea.sed haigth of scale for a given .size of 
case is obtained by a slight modification of 
the de.sign, and instruments with this char- 
acteristic arc now supplied under similar 
trade names bv most other manufacturers. 

SUPERSONIC FREQUENCY. The term 
Used to describe any electrical frecjuency 
too high to produce audible .sound waves 
in a soiind-re})roducing system. 

SUPPLY MAIN. The stqqily mam con- 
sists of the Ccd)les and other conductors 
forming part ot a supply authority's trans- 
mission or dislribution scheme, extending 
from the gener.Uing station to the con- 
.sumer's terminals, where his own instal- 
lation commences. Eveiv installation 
needs to he adi'qiiately protected by 
.suitable controlling apparatus, easily 
accessible to the consumer and situated 
as near as jHissible to the point of entry 
of the supply main. The general question 
of supply is dealt wdth under the heading 
Distribution. See further under b'eeder , 
“ Grid ” System ; Overhead Lines ; Lower 
Station , Service Cable , Traiismis.sion, etc. 

SURFACE FLEXIBLE SYSTEM. W iring 
to lights and switches by means of twisted 
flexible cords was at one time very popular 
on the Continent and in America. The 
outer braiding ot the cord was generally 
of hard cotton braiding, which lends itself 
to the application of paint rather better 
than the more porous silk. The wires 
were as a rule fixed to the wall su’'facc by 
means of china studs inserted betwixt the 
spirals of the flexible cords. 

In Britain, surface flexible wiring has 
been confined chiefly to temporary instal- 
lations and extensions. Here the cords 
are more often led through screwed brass 
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eyelets containing small china ring insula- 
tors. Suitable surface switches and ceiling 
roses are available provided with side 
channels for the wire entry. 

By I.E.E. Regs. 404 and 405 high insula- 
tion flexible cords may be used for low- 
pressure sub-circuits and that if pure 
rubber is employed they must not be used 
in damp places. These regulations indicate 
that three feet is the maximum .spacing for 
insulators. Circuits wired or partially 
wired with flexible cord should be open to 
view througliout their length exce]:)t 
where passing tlirougli floors or division 
walls, where they must be protected by 
non-ignitable daTn])-proof conduits. More 
durable effects arc got when the flexible 
cord is })rotected with cab- tire sheathing 
of circular section or when there is an 
outer armour of braided brass or gal- 
\^anized steel wire. These more robust 
N'arieties of surface flc“\ible arc generally 
secured by means of metal saddles or 


waves on long transmission lines and 
cables in which wave amplitudes may vary 
considerably at points widely distant 
apart. It is, of course, always possible to 
correlate the time and space dimensions. 

The general nature of a surge is, then, a 
transitory passage of voltage and current, 
usually, though not necessarily, of rela- 
tively high amplitude and often of high 
frequency or equivalent to high frequency. 
It may be a travelling wave, a standing 
wave or an oscillation which in the latter 
case may be damped or undamped or 
coiLsist of a recurrent train of waves. It 
is not p)ossible in the present work to 
discuss the theory of transients in any 
great detail, so that the interested reader 
is referred to the two books by the late 
Dr. C. P. Steinmetz, entitled " Theory and 
Calculation of Transient Electric Pheno- 
mena and Oscillations and “ Electric 
Discharges, Waves and Impulses and other 
Oscillations.'' 


clips. See Flexible , Wiring. 

SURGE. A surge is the name commonly 
given to the transient conditions arising 
in an electric circuit which .serve to connect 
one state of circuit equilibrium with a 
sudilen change to a difterent state. Surges 
occur in all electric (ircuits wliene\'er a 
change takes place in tlie stable conditions, 
but lliey are of greater magnitudes and 


Typical transient wave shapes arc 
shown in Figs, i to 5 inclusive. 

Causes of Surges. Surge waves arc 
caused by short circuits, flash -over of 
line insulators due to lightning-induced 
voltages or system faults, insulation 
failures, faulty .synchroni.sm of rotating 
machines, sudden load variations, all 
forms of switching, momentary resonance 


more likely to be disastrous in their effects 
in A.C\ systems on account of the greater 
sizes and extents of such .systems. Surges 
vary enormously in intensity, ranging 
from the innocuous transit'ut arc at the 
opening of a 5-amp. tumbler switch 

to the short-circuit current tran- 

sients which may wreck large 
generators and transformers or to the 
terrifying effects of a tropical thunder- 
storm. 

Nature of Surges. Surges of voltage, 
current and energy may occur and they 
may produce failures in the dielectric, 
electric or magnetic circuits of jilant, over- 
head lines and cables. They may take 
place to earth or may be confined within 
the system. Surges are said to occur in 
time or in space ; the former has reference 
to such a case as the distribution, in terms 
of time (microseconds), of a tian.sient 
voltage wave through a transformer or 
generator winding, wliile the latter applies 
more particularly to the study of transient 
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SURGE. Fig. 1. Travelling wave 
with steep wave front. Fig. 2- Stand 
ing wave. Fig. 3. Undamped oseC 
I a t i o n . Fig. 4, 
Damped oscillation. 
Fiq. 5 Fig. 5. Unidirec 

^ tional transient. 
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due to switching, blowing of fuses, the 
operation of electric arc furnaces, and in 
fact to any circumstance which involves 
a change in the stable running conditions 
of a circuit. 

Dangers of Surges. The dangers to be 
apprehended from surges are insulation 
failures in the case of high-voltage surges 
and the melting and distortion of con- 
ductors when high-current surges occur. 
Surges arising from lightning-induced 
voltages on transmission lines are typical 
of the first kind and those resulting from 
short circuits on large power systems 
represent the second. 

The provisions made for counteracting 
the effects of voltage and current surges 
are as follows : 

Protection Against Voltage Surges. For 

voltage surges, the insulation of all 
components of the power system is pro- 
portioned to give a reasonable factor of 
safety against breakdown and in locations 
where trouble (due to lightning, for 
instance) is likely, special high insulation 
levels are adopted. In addition, overhead 
lines may be protected by continuous 
earth wires run above or below the 
power wires. For the same distance 
between the power conductor and the 
earth wire either position gives the same 
degree of protection against lightning- 
induced voltages ; protection against 
direct strokes is only achieved, however, 
by running the earth wire above the power 
lines. The degree of protection increases 
with the number of earth wires, but it 
is seldom economical to lun more than 
two earth wires on extra high voltage 
lines. 

Lightning arresters, choke coils and 
condensers are all used to protect plant 
against the effects of voltage surges. 
Arresters range from the simple horn- 
gap arrester to the more modern forms, 
such as the Pellet arrester, the Autovalve 
arrester, the Thyrite arrester and the 
Crystal Valve arrester. The requirement 
of a good arrester is that it shall have a 
minimum time lag of discharge and a 
valve action so that power current does 
not follow the discharge of surge current. 
The arresters are connected from the line 
conductors to earth through spark-gaps 
and function to discharge a disturbance 
to earth when the voltage on the line 


reaches such a value as to cause the 
arrester spark-gaps to arc over. 

Choke coils may be connected in series 
with the power line as auxiliaries to 
lightning arresters, in which case they 
build up the surge voltage across the 
arrester gaps, or they may be used alone 
to smooth down the front of the surge 
wave. In the latter case, the coils are 
much larger than in the former in order 
to provide the requisite smoothing induct- 
ance. As an alternative to series choke 
coils, static condensers may be shunted 
from the lines to earth to serve the same 
wave front smoothing purpose. 

The choke coils may be fitted with 
shunted resistances, while tlie condensers 
may be fitted with series resistance to 
absorb the energy of the disturbing 
waves. ^ 

A fiirth. r type of surge protective 
apparatus is the so-called surge absorber, 
which is, in effect, a resistance shunted 
choke coil or a condenser with scries resist- 
ance. Such a device absorbs the energy of 
the transient, it reduces the maximum 
amplitude and smooths down the wave 
front of the \'oltagc surge. 

On very high voltage lines, schemes of 
co-ordination of insulation levels are 
adopted so that the most vulnerable parts 
of the system, i.e. the internal parts of 
transformers, generators and circuit 
breakers, arc protected by flashing over, 
under surge conditions, of those parts, 
i.e. line insulators, bushings, arrester gaps, 
which arc able to withstand such action. 

Protection Against Current Surges. This 
is achieved by the inclu.sion of scries 
reactance coils so proportioned as to with- 
stand the tlicrmal and electro-magnetic 
stresses to which they may be subjected 
during- short-circuit conditions on the 
.S3^stem. Such coils are described in 
page 095, and it need only be .said here 
that the conductors must be extremely 
well braced so as to present a rigid struc- 
ture which will withstand the abnormal 
forces which occur on large power .systems. 
See Arrester ; Capacity ; Oscillation ; 
Protective Devices ; Reactor ; Static. 

SURGE ARRESTER. Surge arrester 
or lightning arrester is a piece of ap- 
paratus used for protecting plant and 
equipment from the effects of transient 
electrical disturbances which are classed 
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SURGE ARRESTER. Fig. 1 (a) Internal construc- 
tion of 3-kV. Autovalve distribution type arrester 
(b) Part of phase leg showing the porous block 
discharging^ element of a 73-kV. Autovalve arrester. 

West inahiiuse / Urtrin A Mfinufacturing Co.. Ltd. 
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p^enerally as surges. The surges may be *■ 
due to transient conditions internal to v 
the system or originating external tht^reto. f 
The design of surge arresters makes use ® 
of the characteristics of resistance, in- « 
ductance and capacitance in different 
combinations or singly. The simplest 
form is the horn gap arrester with series 
earth resistance to limit the flow of power 
current to earth. 

Modern arresters for A.C. circuits possess 
a valve characteristic which enables them 
to discharge transient high voltage steej) - 
fronted disturbances freely to earth and 
subsequently to offer a high impedance 
to the flow of power current to earth, e 
thereby stopping the latter. 

Arresters are connected to the system 
through sphere spark gaps possessing 
extremely short time lags and they are 
shunted to earth on the line side of the o 
plant to be protected. Modern forms of 
surge arresters are the Pellet oxide film 
arrester, the Autovalve arrester, theThyrite 
arrester and the Crystal Valve arrester 
each being described in the next page C 

Another form is the surge absorber which 
is connected in series with the line and 
operates to dissipate the energy of a surge 
which, 'n one example ot construction, is 8 
transferred inductively to a high resistance 
secondary circuit. Still other designs 
employ substantially proportioned induct- 
ances and capacitances with resistance in ^ 
order to reduce the voltage gradients of the 
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Fig. 2. Pellet light- 
ning arrester. A 
column of litharge- 
coated pellets of lead 
peroxide is in contact 
with a series gap. The 
resistance of the col- 
umn 15 a function of 
voltage only, thus the 
current passing 
increases proportion- , 
ately with the rise in 
surge voltage. 
hritiHh Thoni'ton llou<tton , 
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SURGE ARRESTER Fig. 3 (a and b). 
Section and elevation of Thynte arrester 
A porcelain container encloses metal- 
coated Thynte discs, pressed together and 
in contact at the base with several 
series gaps, each shunted by a high 
resistance. Thynte is an inorganic 
compound of a ceramic nature, having 
the characteristic of being an insulator 
at one voltage, but a conductor at a 
higher voltage. This gives a valve 
action that permits dissipation of surge 
voltages but prevents power current flow 
Tiie Britigh Thomsnn-Ilouston I'o , Lfd 



transient waves wliich pa.ss on to the plant 
to be protected, and to reduce the wave 
amplitudes and energy magnitudes. 

The Autovalve arrester shown in Fig. i 
consists of a porous block autovalve 
clement and a scries spark gap. The 
element consists of one or more porous 
blocks in series, the number depending on 
the arrester rating. Each block is i inch 
thick and of either 2 inches (3 kV to 
9 kV) or 4^ inches (12 kV and above) 
diameter and rated at 3,000 r.m.s. volts. 
The blocks and spark gap are assembled 
in a porcelain housing between metal end 
caps which also .serve as terminals. For 
the higher voltages the complete arrester 
consists of a number of such porcelain 
housings with their blocks and end caps 
bolted together to form a series stack. 
The series gap is of the multiple type and 
the arresters arc suitable for indoor or 
outdoor mounting. 

In the Pellet type arrester, shown in 
Fig. 2, the elements consist of a column D 
of lead peroxide pellets about inch 
diameter, and having a thin porous coating 
of litharge. These, together with a scries 
gap H, are assembled in a porcelain tube 
K, with metal electrodes B and F in 
contact with the pellets at each end. The 
pellet column is about 2J inches diameter 
and its length is approximately 2 inches 


/w k V' ot arrester rating. Up to 
JO kV the lead jwllct column is 
contained in ;i single porcelain tube 
and abo\’c that voltage several 
tubes in scries are used. A is 
locking ring ; C, shouldered bolt ; 
E, porcelain insert ; G, line lead 
cable-socket ; I, glazed porcelain 
cap : J, metal sleeve ; L, bolt se- 
curing metal suspension bracket 
to cross-arm ; M, openings for earth 
leads, N, clamp type earth terminal. 
These arresters also arc suitable for 
indoor and outdoor service. 

'Die Thy rite arrester is shown in 
Fig. 3. Its general assembly is 
similar to the Autovalv'c arrester, 
but it employs a specially manu- 
factured discharge material called 
Thvrite in the form of discs 6 inches 
diameter by J inch thick, and 3 
in. diameter by i in. thick. The 
discs are coated on both sides with 
copper. In Fig. 3, A is aluminium 
bottom plate ; B, Thyrite discs, spray- 
metal coated ; C, porcelain container ; L), 
aluminium top-plate , E, trijile springs and 
compression plate , F, .series-gap assembly , 
G, bosses for bolts. Thyrite is sub- 
stantially a good ln^^ulator at one potential 
and a good conductor at a higher po- 
tential ; hence its valve effect during and 
after the passage of a high voltage surge. 

The Crystal Valve arrester consists of a 
porcelain casing enclosing the special 
dLscharge material Crystallite and a num- 
ber of spark-gap electrodes in series 
therewith. Tlic lower end ol the porcelain 
casing is closed by the earth connexion 
and the upper end carries a porcelain cap 
which is sealed against the ingre.ss of 
moisture and renders the unit weather- 
jiroof. The Crystallite also possesses a 
valve action .somewhat similar to Thyrite. 
See Arrester , Lightning ; Line Choking 
Coil ; Reactor. 

SUSCEPTANCE. The rule for circuits 
in parallel may be stated in similar form 
to that for circuits in series, by introducing 
a quantity known as admittance ((/.v.j, 
equivalent to the reciprocal of impedance ; 
the total admittance then equals the 
vector sum of the separate admittances. 
Then, in a similar way to that in which 
impedance may be split up into two 
components at right angles consisting of 
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the resistance and reactance respectively 
admittance may also be resolved into 
two components known as conductance 
and susceptance respectively. The rule 
for circuits in parallel then becomes 

admittance ™ /(Sum of conductarireb)^‘T- (Sum 
\/ of susceptanccs)*^. 

Susceptance is therefore that component 
of the admittance which when multiplied 
by the E.M.F. gives the wattless compo- 
nent of the current in a circuit. It equals 
the reactance divided by the sum oi the 
squares of the resistance and the reactance. 
Sec Admittance; ronductance; Imped- 
ance ; Reactance ; Resistance, etc, 

SUSCEPTIBILITY (Magnetic). The ratio 
of the intensity of magnetization in a 
sample of iron to the magnetic force produc- 
ing it. This quantity is usually ref)resented 
by the Greek symbol a For ferro-and 
paramagnetic substances it has a positive 
value, for air it is zero, and for diamagnetic 
materials it is negative. See Permeability. 

SUSPENSION OR STRAIN INSULATOR. 
Pin insulators (y.?*.) are widely adopted 
abroad for voltages up to 06 kV. Abov’e 
this value they are more expenswe to 
construct than suspension insulators, and 
even for lower voltages tlie better 
electrical and mechanical characteristics 


Fig. 1 Fig. 2 



Shunt 


SWAMPING RESISTANCE. Fig. 1. Moving>coil am- 
meter with swamping resistance. Fig. 2. Moving-coil 
voltmeter with swamping resistance. 

series capacity effects, a string of suspen- 
sion discs has a lower flash-over voltage 
than the sum of the .separate da.sh-ov'er 
voltages for each disc. See also Pin-type 
Insulator ; Porcelain Insulator. 

SWAMPING RESISTANCE. Swamping 
resi.stance is the name given to the non- 
inductwe stationary resistance which 
is placed in series with an ammeter or a 
v'oltmeter in order to render the instrument 
as insensitive as possible to temperature 
errors. Figs, i and 2 show the connexions 
for a rnovang-coil ammeter and voltmeter 
respectively. The resistance consists .simply 
of wire of manganin, constantan, or some 
similar alloy wound non-inductively upon 
a frame or spool and proportioned so that 
its total resistance is very high compared 
to that of the instrument moving coil. 



SUSPENSION INSULATOR. 


Fig 1 A disc strain 


In Other words, the coil resistance is 
“ swamped '' by that of the auxiliary 

^ nai resistance. The alloys 

iLsed have a high specific 

^ resistance and a low tem- 

perature coefficient of 

resistance, and hence the resist- 
' ance of the moving coil of the 
instrument is swamped and tem- 


insulator ^or making a joint between a live wire and 
an uninsulated wire under mechanical tension 
nil n M r>l <( Tij . Ltd 

of the latter more tlian compensate for 
any .slight increase in cost . The susjxmsion 
insulator is therefore u.sed on most .section.s 
of the “Grid"’ and in fact in most 
modern transmission lines. Their great 
advantage is the lacility with which they 
can be built up in a number of units to 
.suit the line voltage in question. The 
two types chiefly used are the Hewlett 
interlinked fitting, also known as the 
link insulator, and the metal hood type 
with fittings cemented to the insulator. 
The flux distribution is improved in the 
latter for equal meclianical strength, but 
slight increase in cost. Owing to shunt and 



Fig. 2 . Suspension insulators on a 132-kV. transmission 
line of the steel pylon type. 


CaUrndfi' i t'ablf d’ ('oust ruction Co., Ltd. 
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peraturc errors are minim- 
ized. See Temperature 
Effects (in Instruments). 

S.W.G. This is the ab- 
breviation commonly adop- 
ted for the British standard 
wire gauge (^.7'.), the only 
legal standard wire gauge in 
the United Kingdom and 
fully discussed in this work 
under its own heading. 

The photograph shows the usual imperial 
standard ware gauge tool for iinding thick- 
nesses of metal or diameters of wires from 







S.W.G An imperial standard flat wire gauge used for measuring the 
thickness of sheet metal from 7 6 mils to 300 mils. Mil is the standard 
abbreviation for one thousandth of an Inch. 


36 gauge to I gauge, i.e. from *0076 of an 
inch to *3 of an inch in thickness. This 
gauge is extremely useful to all practical 
electricians. Sec also (lauge. 


SWITCHES OF ALL KINDS 

By Herbert Wright, M.Sc. tEng.) 

Any device for closing or opening a circuit is a switch, but here we are con- 
cerned mainly with low voltage and small power switches, a large number of 
which now in general use are described here in alphabetical order. Circuit 
Breakers,both air and oil, are described under that heading. See also Contactor; 
Dead Hinge Switch; Home Office Regulations; Knife Switch; Switch Fttse; and 
other headings indicated in the following pages by cross references. Switchgear 
in power work and Switchboards are the subjects of important main articles 
following the present. 


A switch is a device for cutting oft 
or establishing the flow of current by 
providing alternative insulating or con- 
ducting material between two points in a 
circuit. The insulating material is usiuilly 
air in small switches, and oil in larger ones 
and on high voltage circuits. The insulat- 
ing gap is bridged by a metallic conducting 
strip when current is to flow. The follow- 
ing points arc important in the y)crformance 
of switches. 

Contacts. The contacts must be of 
large enough cross-section to carry the 
rated current without overheating, and 
the area of contact between the fixed and 
moving parts of the circuit-making device 
must be sufficiently large to avoid lieati ng. 
The pressure between the fi.xed and 
moving parts of the contMCt must be suffi- 
cient to liold the two well together, but 
must not be so great as to render opening 
and closing difficult. In order to keep the 
contacts clean and so keep the contact 
resistance low, the moving contact is made 
to rub or " wipe over the fixed contact. 

Length of Gap. The length of the 
insulating gap between the fixed and 
moving contacts must be long enough to 
prevent an arc being drawn out and 
persisting when the circuit is broken. 


enough to prevent heating and local 
arcing and burning due to tlie small area 
in contact as the two just touch. When 
the circuit is broken, the rate at which the 
contacts move apart must be high enough 
to break the arc drawn out at parting 
before it has time to burn the contacts. 
In some cases, an additional contact, 
called the “ arcing contact," is jirovided in 
parallel with the main contacts. The arcing 
contact makt*s circuit before and breaks 
after the main contact, so that all arcing 
and burningat themain contacts isobviated- 
while, as it is very light in weight, the arcing 
contact can be made to travel quickly. 

Mechanical Action. On quick-break 
switches, the mo\'ement is always produced 
by a spring, and those which have a quick- 
make action as well are operated through 
a spring-actuated toggle. The construction 
of the switch as a whole must be sufficiently 
robust to with.stand the mechanical shock 
produced when the moving jiarts are 
suddenly brought to rest at the end of the 
opening travel. 

Types of Contact. The different methods 
of bringing together the surfaces of the 
contacts can be broadly classified thus : 

(i) A flat blade between two jaws givdng 
side contact, as in a knife switch. 

(ii) A butt contact between a laminated 
brush and a flat plate. 


Rate of Make and Break. The rate at 
w'hich the contacts bed in must be quick 
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(iii) A plug and socket contact in which , 
the socket is split and is pulled 
radially inwards on the round plug 
by springs. 

(iv) A multiple point or line conbict as ' 
used^in push-button switches of the 
" emergency type. 

(v) A laminated brush sliding over a 
iiumber of different contacts as in the 
accumulator switch. 

General Details. The insulating materials 
used in tlic construction of the switch must 
be mechanically strong, while this and the 
clearances between contacts and between 
contacts and enclosing case must provide 
sufficient insulation to prevTiit flash-overs 
when metallic vapour is produced by the 
arc as the switch opens. The metal case 
of larger switches should be lined with 
insulating and fireproof material to prevent 
arcs striking to the case, and barriers of 
similar material ^should be placed between 
the sections of double and triple pole 
switches. 

Varieties of Switches 

Accumulator Switch. A secondary 
battery is often used in j)arallel with a 
generator, so that during periods of light 
load the generator cliargcs the battery, 
and during hea\’y load jxTiods the two 
work in parallel. As the voltage of a cell 
varie.s from i*8 
volts to nearly ^ J 

27 volts, the , p. ^ 

voltage of a < \o-i-o 

battery varies 

by a propor- J jIl 

tional amount, ^ 

c g. a loo-cell 1 ^ 

battery would p | "f" ^ 

change p,. con„™ of 


volts 


2 y O battery ai 


tapping switches on end cells. 



Fig. 1. Connexions of 
nd generator, showing 


nominal 200- volt circuit, depending on 
whether the battery was discharged or 
lully charged. Arrangements are therefore 
made to vary the number of cells in use by 
cutting out or inserting some of the end 
cells of the battery. This operation is 
performed by means of an accumulator 
switch, or, as it is often known, a 
regulating switch. 

The switch consists of a rotating arm 
moving over a series of contact segments, 
between each two of which a cell is coii- 
nected. As the number of cells in circuit 


may have to be changed while on load, 
and therefore no interruption in the 
supply can be allowed, the rotating con- 
tact arm is split into two halves, between 
which a resistance is connected. If the 
arm were solid it would short-circuit 
adjacent cells as it was rotated, and the 
only way of avoiding this would be to 
put in dummy segments, but this would 
cause an interruption in the circuit. The 
resistance prevents excessh’e current flow- 
ing wdien the two cells are joined, while it 
has no effect on the main circuit. 

Air-blast Switch. This term is used 
to describe a high voltage switch in which 
compressed air is used to e.xtinguish the 
arc fonned on breaking circuit. 

Air-hreak SwiruH. When air, as 
distinct from oil, is used to insulate the 
i:ap formed when the switch is opened, 
the switch is distinguished in this way. 
Sec Circuit Breaker (Air) and Horn Arrester. 

Asylum Switch. A switch in a branch 
circuit provided with a locked cover. 
The name is also given to a form of 
tumbler switch in which the operating 
knob is replaced by a detachable key. 

Auxiliary Switch. A switch mechani- 
cally coupled to a circuit breaker for 
operating indicating devices or some 
auxiliary piece of apparatus. 

Battery Switch. See Accumulator 
Switch, above. 

Breakdow^n Switch. In three-wire 
systems fed from two mechanically 
coupled generators, a switch is sometimes 
provided to couple together the two 
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“ outer conductors, should this be 
necessary due to a breakdown on 
one generator. 

Bus-bar Switch. See Sec- 

tionalizing Switch, hcloa'. 

By-pass Switch. A switch 
provided to be connected in parallel 
with a large circuit breaker, so that 
the supply can be maintained when 
the breaker is withdrawn. 

Canopy Switch. A main switch fixed 
on the roof above the platform on tram- 
cars. It is fitted with an overload trip 
and a blow-out coil, i.e. it is a circuit 
breaker. 

Ceiling Switch. On lighting circuits 
local lighting points are sometimes con- 
trolled by a switch fixed on the ceiling 
adjacent to the ceiling rose. The switc h 
is operated by pulling a cord, alternate 
pulls switching on and off. 

Change-over Switch. A switch used 
for providing alternative connexions, e.g, 
in some three-wire systems the lighting 
is sectionalized, and the load is balanced 
by changing over .sections from one side 
of the mains to the other. 

Coupled Switch. Two or three 
separate switches coupled mechanically 
by a bar so that all are operated together. 
A double-pole switching arrangement of 
this type is usually provided for the main 
switch on house-lighting circuits, by coup- 
ling together two single-pole tumbler 
switches. Switches can also be mechani- 
cally interlocked in this way, ^o that 
w’hen some are on others are off. 

Dial Switch. A rotating multi- 
ple contact switch with the seg- 
ments arranged round the whole 
circumference of a circle, so that the 
rotating arm connects the segment 
to a concentric ring. By using 
more than one arm and ring, several 
contacts can be varied at once, 
this type of switch is much used on high- 
grade potentiometers (for voltage measure- 
ment) and decade resistance boxes. 

Detachable Key Switch. See under 
Asylum Switch, above. 

Disconnecting Switch. See Isolat- 
ing Switch, below ; also page 379. 

Double-Break Switch. In order to 
save room in switches for use on larger 
current ratings and on higher voltage 
circuits, it is the practice to put two 



Fig. 6. 


and 


Fig. 5. 


SWITCH. Fir. 3 ••Crabtree" 
5-amp. flat ceilmp switch. Fig. 4. 
Whipp & Bourne mining control 
switch. Fig 5 G.E.C. door bolt 
switch. Fig. 6. Lundberg 
double-pole tumbler switch. 


breaks in .series in the same part of the 
circuit. For the same movement of the 
switch blade, up to twice the length of 
gap can be obtained. Knife switches are 
usually provided with a double break to 
avoid having the current pas.sing into the 
blade through the hinge pin {see Dead 
Hinge Switch). 

Double-Pole Switch. A switch made 
to make and break a supply on both 
sides of the circuit at once, by means of two 
similar switches mechanically coupled. 
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e,g. in a D.C. circuit one side of the 
switch would be in the positive main and 
the other in the negative. (Abbreviation 
D.P. Switch.) See Double Pole. 

Double-Throw Switch. This is a 
switch for providing alternative con- 
nexions by having two sets of fixed 
contacts, one set being on each side of 
the switch pivot. When the switch is 
“ thrown in " on one side one set of con- 
nexions is obtained, the alternative 
connexion being made by throwing 
tlie switch over to the otlier contacts. Such 
a switcli would be used for connecting a 
load to alternative sources of supply, or 
for giving the “ start ” and “ mn '' 
positions on an induction motor starter. 
(Abbreviations: D.T. Switch; D.P.D.T., 
Double-Pole Double-Throw.) Sec Change- 
over Switch, above. 

Earthed Switch. The name given to 
a switch whicli has all metal parts, other 
than those actually connecting the circuit, 
connected to earth. 

Electro-magnetic Switch. Any 
switch (usually a circuit breaker) operated 
by a current flowing in a solenoid in such 
a way that the action of the solenoid on 
the armature closes the switch. (>)pening 
of the switch is performed by switching off 
the solenoid current, the switch either 
dropping out under gravity or being 
opened by a spring. Sec Contactor. 

Electro-pnei^matic Switch. A switch 
operated by the action of air on a piston, 
the air being admitted to the operating 
cylinder by an clectro-magnetically oper- 
ated valve. This type of switch is much 
used in the control gear on trains. 

Electro-syntomc Switch. A small 
switch which is operated by a tuned reed, 
the reed being set in vibration by a current 
of one frequency only. It is used in sig- 
nalling and remote control .systems, the 
operating current being carried along the 
same lines as the power current or other 
signalling current. 

Emergency Switch. Where a motor 
is used to drive groups of machines .spread 
over a fairly large area, it is customary to 
provide at different points among the 
machines a switch of the push-button type 
which when pressed will stop the motor in 
case of emergency. It usually operates by 
short-circuiting the no-volts coil. Other 
instances of use are on escalators, large 


printing pres.ses, planing machines and 
rolling mills, and in some high-voltage 
installations. 

Equalizer Switch. When compound 
generators or rotaries are run in parallel, 
load sharing is obtained by means of an 
equalizing bus-bar. The equalizing switch 
is that one which connects the machine to 
this bus-bar. See Equalizing Bar. 

Fee:ler Switch. In .some automatic 
substation systems a .switch is provided 
to test out the circuit after a circuit 
breaker has tripped out (due to a short 
circuit, for instance). This feeler switch is 
electrically interlocked with the circuit 
breaker in such a way that the latter is 
held out until the circuit is clear. 

Field Switch. The field winding of a 
large machine has a very high value of 
inductance. If a current flowing in it were 
suddenly stopped a very high voltage 
would be induced in the winding, and 
would lend to 

\Aux/f(ar^ . 

' Contact 

O CLeicl 
O Winding 


break down 
the insulation. 
This is avoid- 
ed by connect- 
ing a field dis- 
charge re.sist- 
ance across 
the winding, 
the energy 


\MQin 

Contact 


O y 


’ Discharge 
Resistance 
/ 

Supply^ 


SWITCH. Fig. 7. Field switch 
circuit. As mam contact ope.'is, 
auxiliary closes and connects field 
to discharge resistance. 



Fig. 8. A G.E.C. flame- 
proof ironclad switch 

and fuse for industrial 

and colliery use. Fig. 9 (a;. “ Warwick *' flame-proof 
switch with fuses ; (b) switch alone. 

Q. E. O. and Wm. McGaoeh, Ltd. 
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SWITCH. Fig. 10. Flasher switch motor driven 
animating electric signs. 

f.'rfKMi/ Flrcltic ('o , ltd, ot t n(/liiiid 


Home Office Switch. A switch 
conforming to Home Office Electricity 
Regulations in that it is made shock-proof 
by being earthed. 

Horn-break Switch. High voltage 
air-break switches have liorns attached to 
the contacts. These horns make and 
break the circuit, so avoiding arcing at the 
main contacts. Ser Horn Arrester. 

Hospital Switch. A switch litted on 
tram or train controllers, its function being 


in the field magnet being dissipated in 
this resistance. In order to avoid waste 
of energ>^ the resistance is only connected 
when the switch is being opened. To do 
this an auxiliary contact is fitted to the 
main switch, and this contact connects 
the field winding to the resistance an 
instant before the main circuit is broken 

Flush Switch. A switch, used on 
lighting circuits, which is jdaced in a recess 
in the wall so that only the “ dollv ” i)ro- 
trudes, the whole being cxn ered by a fiat 
plate fitting close to the wall. Tlie switch 
is the same in action as a tumbler switch, 
and is fixed in a wooden or an iron box let 
into the wall. 

Foot Switch. Where an clectricalh 
operated machine requires the use of two 
hands, e.g. a sewing machine or a welding 
machine, a foot-operated switch is used. 

Fuse Switch. A switch with fuses 
situated in the same housing. In some 
cases the fuse is used as the moving link 
of the switch. See Switch-fuse, and Fuses 
and Fusing Systems. 

Gang Switch. Two or more switches, 
controlling separate circuits coupled to- 
gether mechanically so that all are 
operated together, e.g. in stage lighting 



Fig. 11. " Klymax ” flush panel switch. 
A. P. Lundbero S Son*. 



Fig 12. Enlarged view of hydraulic-electnc oil breaker 
with operating and repeater reclosing mechanism. 
A 15 mains-operated motor ; B, transmission cham> 
ber ; C, resetting time control valve ; D, oil breaker 
lever closing mechanism ; E, overload trip coil casing ; 
F, shaft of tank lowering gear ; G. auxiliary handle 
for manual operation of oil breaker ; H, easy trip 
release ; I, oil breaker operating rod ; J, oil ram 
cylinder ; K, counter ; L, auto-repeater reclosing 
device. 

H’)ii;»p df [tournr. Ltd 

to cut out a motor when this develops a 
defect by putting it out of .service. In this 
way a vehicle is enabled to proceed on the 
remaining serviceable motors to the depot. 

Interlocking Switch. See Interlock- 
ing (Electrical). 

Intermediate Switch. A switch used 
for providing three-point control of landing 
lights, etc. It is a reversing switch (with- 
out an off " position) and is used with 
two two-way switches (g.v.). It operates 
by reversing the connexions between the 
two two-way switches. 

Isolating Switch. A switch of the 
knife pattern used as an isolating link. 
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Fig. 14. Triple- 
pole loom switch 

for individual 

drive motors. 

Mtillnnd Klrrl ricM^ 
facturinii Co . I td. 




SWITCH. Fig. 13. Single- 
throw indoor pattern isolat- 
ing switch, 100 1000 amps . 

660 11,000 volts 
II hipp ,( Hourtir. I.td 

Key Switch. A swiicli iisiuillv 
combined willi a lamp holder, bein]:’ 
operated by turning a small flat 
handle in a similar manner to turn- 
ing a key 

KniI'E Switch. See Knife Switch. 
Laminated Brcsh Switch. A .switch 
of the butt contact type in which the 
moving contact is made up of a number of 
thin strips, each free at the contact end 
to he 1 into the fixed contact indiv'iduallv 
Limit Switch See Tamil Switch 
Ihnkei) Switches Coupled switches 
above) or .switches arranged to clo.se 
in a definite sequence by being coujded 
mechanically. 

Locked Cover or Locking Switch 
See Asylum Switch, above 

Main Ihmit Switch. A limit switch 
which IS connected in the main power 
circuit, either directly or through a relay 
Master Switch A switch used to 
control a number of lighting points which 
are also controlled by local .switches. 
Alternatively, it may be a switch used to 
control a number of switches in other 
circuits by means of relays or contactors 
See under Mrster Switch 
Mercury Switch. One in which the 
fixed contacts are cups of mercury, as in 
some forms of battery cut-out. Another 
form consists of a sealed glass tube in 
which a pool of mercury bridges two 
contacts when the tube is tilted by a 
relay, etc. Used on thermostats. 


Fig 16. “Crabtree ” 
shock-proof pear 
switch ; note wiring 
fncililies and action. 



Fig. 15. Machine switch to carry 4 amps at 500 volts. 

I /' Itiiidhrifi i( S*)f»# 

MoruR-OPEKATED SWITCH A .switch 
closed by a motor, as distinct from a 
solenoid-o])erated switch. This method is 
Used inamK on large oil circuit breakers 
which arc remote-controlled. 

Multi-Break Switch. switch pro- 
vided with a number of fixed and moving 
contacts in senes to give a number of 
gaps in series when the switch is opened. 

MuLTiPLE-CoNTAcrr Switch. One in 
which a moving contact, usually arranged 
to rotate, can connect to alternative fixed 
contacts, as would be used for tapping a 
regulating resistance. 

.Multi-Way Switch. A multiple con- 
tact switch used for connecting to different 
circuits, e.g. as would be used for connect- 
ing one instrument to a number of 
different points at which measurements 
are required. 

Oil or Oil-Break Switch. A switch 
immersed in oil. See Circuit Breaker ; 
Oil. 

One-Way Switch. A switch which can 
only be used for making and breaking a 
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circuit, and nf>t for provKiing altcriiaiixc 
connexions. Compare 'rvvo-vvay. Three- 
way. and Multi- wav Switch. 

1\\\LL Switch. See Flush Fittings 

Pear Switch. A name used for a 
pendant switcli, so called because it 
is pear-shaped : it is usually operated by 
pushing on a projecting bar. 

Pendant Switch. A switch suspended 
from the ceiling i)y a flexible cord which 
forms the leads to the switch. They are 
used for controlling local lighting points 
and extensively for giving two-way control 
of bedroom lights. See Pear Switch ; 
Pressel Switch. 

Plt’g-Switch. This closes a circuit by 
the insertion of a plug, usually conical, 
which bridges the gap between two insu- 
lated fixed contacts. I’scd only on low- 
voltage circuits and on instruments, etc , 
for altering the range. See Plug. 

Plunger Switch. See (iii) under Typ(". 
of Contact at the beginning of the present 
article. 

Pneumatically Operated Switch. A 


Push-Button Switch. See Push- 
Button Control. 

Quick-Break. The name given to a 
.switch in which the break is quick and 
independent of the rate at which the 
switch is operated. See page it8S. 

Recessed Swircii. Sec Flush Fittings. 

Regulating Switch. Any multiple 
contact switch for regulating the speed, 
voltage, etc., of a machine or for regulating 
the flow of current in a circuit. Also used 
as an alternative name for accumulator 
switch [see above). 

Remotic-C'onirol Switch. See Remote 
Control. 

Reversing Switch. One used for re- 
versing the direction of flow of current, or 
for reversing the direction of rotation or 
jiolarity of a machine, either by reversing 
current direction or otherwise. 

Rotary Switch. I'he term used to 
describe a small .switch o]:)erated by 
rotating tli(‘ switch knob in one direction 
only f(.>r both the “ off ” and “ on " 
positions. (' om par e 'Vmu Switch. 

Secitonalizing Switch. When a 
number of machines or tran.sformers arc 
u.sed to supply feeders, the feeders may be 
grouped into sections, with one supply 
unit to each .section. During periods of 
heavier load, or when faults develop, the 
.sections are i.solated from one another, 
but during light-load j)eriods, the .seel ions 
are groujied .so that one machine or trans- 
former will sii]ipl\' all. On low voltage 
.systems, the switches are often of the 


switch operated bv compressed air. (/ 
Electro-pneumatic Sw'itch. 

Pole Swttch. .A switch 
mounted on an overhead line 
pole, and operated from 
ground level by a long cane 
pole with a hook or ring. 

Pole-Changing Swn ch . 

A switch used for changing 
the number of poles produced 
by the winding of an in- 
duction motor, and so chang- 
ing its speed. See 
Control of Motors. j 

Pressel Switch. A pen 
dant switch operated by 
pressure on a projecting 
button. 

Pull Switch. See Ceiling Switch. 
above. 





Fig 18. “ Lundberg " 
push-button switch 
for electric drills and 
other percussion tools. 


Fig. 20. Section of a 
Crabtree “Under- 
slung “ switch, show- 
ing manner in which 


Fig. 19. “Mem 
8 “ quick- 
break all-in- 
aulated com- 
b i n a t i o n 
• witch and 
fuse. 
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multiple blade knife pattern, and arc fitted 
with clamping screws to reduce contact 
losses. Such switches are not intended to 
break a large amount of power. 

Selfxting Switch. Switch used in 
automatic lift control systems for selecting 
the floor at which the lift is to stop. 

Selector Switch. A switch used for 
connecting, cither automatically or other- 
wise, to one of a number of circuits. 

Semi-Reces.sei) Switch. A small 
switch of the tumbler pattern, the base 
of which is sunk in the wall, but has 
the domed cover projecting. 

Sequence Switch. This is used to 
close circuits in a definite order, either 
directly or through relays and interlocks. 
See Remote Control. 

Series-Parallel Switch. A switch, 
usually a double-pole double-throw, 
used for changing the connexions of 
two pieces of apparatus from series 
to parallel, c.g. when used with two 
lamps woukl give “ bright ” and 
“ dim " in the parallel and series 
positions respectively. 

Shock -Proof Switch. One in 
which all external parts arc of insu- 
lating material, often strengthened 
by shrouding metal with insulation. 

Single-Break Switch. A switch with 
only a single gap when it is open. ('/. 
Multi-Break Switch. 

Single-Pole Switch. The name given 
to a switch operating in one side of a circuit 
only, e.g. in one main only. Cf. Double- 
Pole and Triple-Pole Switch. 

Single-Throw Switch. A switch 
with only one set of fixed contacts so that 
it onh' clo.ses the circuit in one position, 
i.e. a one-wav switch (q.v.). 

Single-Wav Switch. Sec One-Way 
Switch, above. 

Slow-Break Swikti. One in which 
no provision is made to separate the 
contacts quickly. Sometimes used on in- 
ductive circuits. Cf. Quick-Break Switch. 

Snap Switch. A less common name 
for small switches of the tumbler type 
(q.v.) provided with a quick-make and 
quick-break action, as used on branch 
lighting circuits. 

Solenoid Switch. A form of electro- 
magnetic switch, in which the armature is 
a plunger sucked into the solenoid when 
this is energized. See Solenoid. 


Spring Switch. In some instances 
a switch is retjuired to make contact for 
a few seconds at a time. For such a 
purpose the switch only remains clo-^ed 
while the operating lever is depressed, a 
.spring being used to hold the swatch in 
the open position. One application is for 
controlling the heater circuit for striking 
the arc in " Pointolite ” lamps, while they 
arc sometimes u.sed in the starting circuit 
of small singlc-pha.se induction motors. 

Step SwHrcii. Sec Multiple-Contact 
Switch, above. 

Sunk Swttch. See Flush Switch, above. 

Tappet Switch. A switch operated by 
being struck by a tapjict during the course 
o f movement o f 
some mechani.sm 
driven electrically, 
the switch being 
used to control the 
movement. For 
example, large 
planing machines 
have the move- 


Fig. 21 
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SWITCH. Fig. 21. “Lundberg*’ series- 
parallel 5-amp. surface-pattern switch. 
Fig. 22. “ Auto - Memota ’* starting 
switch operated by push button. 

ment of the table reversed by a tappet 
switch reversing the driving motor, the 
length of travel of the table being varied 
by altering the position of the tappets 
attached to the bed. Many limit switches 
(q.v.) are of this type. 

Telephone Switch. Usually of the jack 
and plug type. The term is sometimes 
employed to denote the whole switchboard. 

Temperature Switch. A control cir- 
cuit switch operated by temperature 
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Fig 24 Crabtree “ Binob ” two- 
way switch taking the place of two 
separate one-way switches. 


SWITCH. Fig 23. Double-pole tappet switch with 
horse-shoe lever (cover removed) 

Mftrnpolitdu VicLrts Ktrclncal Co . Ltd 

changes by moans ol thermostats. Vstnl 
in automatic installations for protecting 
machines, etc., again.st sustained overload 
by shutting them down or bringing m 
other machines 

Three-Point Switch. A tlireo-vva\' 
switch. The term is sometimes used to 
denote a switch with three contacts con- 
nected simultaneously, so that when the 
switch is oft two of the circuits are not 
left in parallel. Cf. Three-\\a\’ Switch. 

Three-Pole Switch. See Triple-Pole 
Switch below ; aho under heading Three- 
Pole Switch. 

Three-Way Switch A switch giving 
alternative connexion to any one of three 
independent circuits. Cf One-Way Switch; 
Two-Way Switch. 

Throvv-0\’er Switch. A change-over 
switch of the “ knife ” pattern. 

Time Switch. A clock-operated switch 
used for opening or closing a circuit at 
fixed times. See Time Switch. 

Transformer Switch. In one system 
of distribution from a transformer econo- 
mies are effected on light loads by having 
a small and a large transformer, and auto- 
matically switching from one to the other by 
a “ Transformer Switch *’ as the load varies 

Trip Switch. A switch used for 
tripping circuit breakers by closing the 
tripping circuit. 

Triple-Pole Switch. A switch of 
three single-pole units operated simul- 
taneously, e.g. to open or close in the 


three branches of a 
three- wire circuit 
either D.C. or A.C 
(three-phase or two- 
pha.se). Cf. Single 
Pole and Double 
Pole Switch. See 
Three-Pole Switch 
Tumbler Switch 
A small switch 
operated by a short 
lever or “ Dolly " 
and used exten- 
sively on low power 
lighting circuits for 
controlling tlic 
lamps. So called from the wav the meclian- 
ism “ tumbles over the mid-position, .so 
that it must defiiiilch’ be “ on ” or “ off." 
Obtainable in many varieties, chief among 
these being one-wav, single- and double- 
])ole ; t”'()-way. and tw()-wa\^ and oif 

(Intermediate Switch, (/-v.), single-pole ; 
and three-way, smgle-pole 

Turn Su itc h. A small switch operated 
by a rotatable knob, one direction of 
rotation switching on, and the other 
switching off. 

Two-Pole Switch. See Doiihle-Pole 
Switcli. 

Two-W’av Switch. .A switch with two 
“ on " positions, each making a connexion 
to a different circuit. lixtensivelv used 
lor giving two-point switching on branch 
lighting circuits. Compare Multi-Way- 
Switch , Three-Way Switch ; One-Way 
Switch. 

\'acuum Switch. A switdi whose con- 
tacts operate in a higlilv evacuated 
chamber. To avoid any .lir- leakage due 
to glands, etc., the contacts are operated 
elcctro-magnetically. Alternatively, a 
switch operated by the production of a 
vacuum. Compare Pnuematic Switch. 

Faults in Switches. The faults found 
in switches can be broadly divided into 
three classes : (a) bad contact, causing 
lights to flicker or a motor to run un- 
steadily ; (b) overheating of the switch ; 
and (c) burning of the contacts. Any 
one of these faults may produce the others. 
Bad contact may be caused through bad 
design of the switch in that excessive wear 
takes place on the hinge pins, throwing 
the contacts out of alinement, so that 
every time the switch is closed the fixed 
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contacts are pushed sideways. Over- 
heating may draw the temper of the con- 
tacts so that they do not press together 
with sufficient force. These faults are 
common to clieap forms of switches. 

Burning at the contacts may be due 
to bad design or the use of a switch not 
suited to the work it is called on to do. 
Some types of push-bar pendant switches 
liave a comparativ^ely slow make and 
break, so that ii used for switching cvtii a 
()0-watt lam|). the heevy current at 
switching on soon burns the contents. 

It can safely be said that any switch of 
reputable make will perform satisiac- 
torily the duties for which it is intended, 
but all switches of hea\'icr current rating 


should have periodical cleaning and ad- 
justment, with a thin smear of vaseline 
on the contacts to prevent them becoming 
dirty. 

An aspect of switching often overlooked 
is that of safety from .shock, and any 
switch placed in a damp situation should 
cither be completely insulated or properly 
earthed. The former method is finding 
favour in domestic applications largely 
because the moulded insulation type of 
switch can now be producer I more cheaply 
than any other, while all switches in 
industrial installations should conform to 
the Act dealing with factory installations, 
which retiuircs all external metal parts of 
switches to be earthed. 


SWITCHBOARDS FOR INDUSTRIAL AND OTHER USES 

By S. Austen Stigant, M.I.E.E., F.Am.I.E.E., and C. J. O Garrard, M Sc. 

This important section of the subject of power control is to be studied in con- 
junction with the article that follows, which is concerned with the principles, 
construction and uses of the controlling switchgear mounted on the switch- 
board. Here all varieties of boards, cubicles and gear for high and low tension 
A.C. circuits are described, with notes on care and maintenance. See also 
Circuit Breaker ; Power Station ; Remote Control ; Switchgear. 


The typos of switchboard which are 
in general use are flat-back boards, stone 
or brickwork cubicles, stationary cubicles, 
draw-out truck cubudes, the lighter- 
duty iron-('lad boards (usually pedestal 
type) and the hea\'y-duty metal-clad 
gear. 

Flat-back Switchboards. Switchboards 
carrying opc'u type knife switches, iuse^, 
etc., may have panels ol slate, marble, oi 
one ol the manufactured materials avail- 
able. Marble has gotid insulating poe 
j)ertit s, but is considerably more exjiensivr 
than shite, and is easily stained by oil. Slate 
is mechanic. db' stronger than m.irl)le, and 
has a good a]>pearance when black enam- 
elled and polished , saiid-rubbed oiled 
slate is clieapcr than enamelled slate, and 
is suitable for most industrial situations. 
( arefullv selected slate is almost eciual 
to marble as regards iiisuhiling jiropeitieN, 
but it is usual to insulate all panel fixing 
bolts and live steins which pass througli 
the panels, with insulating bushes .md 
washers as an additional precaution, 
and when extra high insulation lesistance 

is required. , , 

Slate should be dried out for about 3(1 
hours at 100- 120° C. Re-absorption ot 


moisture may be prevented by oiling the 
slate after drying, or by enamelling all 
over, including all holes. 

A good routine test tor insulating 
properties is to phice the slab on a metal 
table and explore* the top surface with 
an electrode consisting of a I inch ciiameter 
disc. After drying, iinenarnelled slate 
.should give not less than 30 megohms 
when tested in this manner with a 5(X> 
volt megger. 

( Ontrol 1)0.11 ds and other switchboards 
which Inne only the live .sterns of in.stru- 
ments passing through the panels, may 
have paneK* ol enamelled sheet steel 
plates, with either polished or dull black 
Imish. On .slate .switchboards the bottom 
slabs olten do not carry any apparatus, 
and t'.xpensc can lie .saved by filling up 
with sheet steel jilates ot expanded metal. 

Tlie tramework for supporting the 
panels is usually constructed either of 
angle and flat iron, or of pipe. Pipe 
framework has the disadv'antage that all 
the weight of the panels and apparatus 
mounted thereon is taken by the panel 
bolts, wiiich increases the strain on the 
panels and the risk of breakage. 

Ample clearance should be allowed 
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SWITCHBOARD Fig 1. “ Dead front ’’ switchboard carrying the 

switchgear and measuring instruments of the electrical propelling 
machinery of a tugboat 
General rArctiic Co., Ltd , 0 / Knulund 


between bare connexions for electrical 
requirements and also to facilitate cleaning 
and inspection. For bare connexions 
the minimum permissible clearance be- 
tween poles or to earth is i inch for 
pressures up to 250 volts, and inches 
for pressures of 251 to 660 volts. Where 
these clearances cannot be obtained, 
non-inflammable insulating barriers or 
other suitable insulation should be pro- 
vided. Fig. 6 illustrates the back of a 
D.C. switchboard which has been designed 
on these lines. 

Apparatus on the Panel. For low tension, 
oil switches are seldom used, and it is 
more convenient to use air circuit breakers 
iq.v.}, which should be mounted on the 
top of the panel so that there is no risk to 
the attendant of burning by arcing at the 
contacts (Fig. 5). 

In Great Britain it is general practice 
to mount the switches and circuit breakers 
on the front of the panel, leaving the back 
clear for bus-bars and connexions (Fig. 8). 
On the Continent, however, the “ dead 
front " type of board meets with more 
favour. In this all the apparatus is 
mounted behind the panel, only the faces 


of the instruments and the 
operating handles of the 
switches appearing on the 
front, which is thus clear of 
live parts (Fig. i). The panels 
in such cases are generally of 
steel, and are more robust 
than slate or marble boards : 
they have advantages where 
unskilled attendants may 
have to do with the switching. 
To the ta.ste of many they 
present also a more attractive 
appearance than flat-back 
boards. Compared with flat- 
back boards, they are at a 
slight disadvantage inasmuch 
as the apparatus mounted 
behind the panel is more 
difliciilt of acce.ss for cleaning 
and inspection ; their cost also 
is somewhat greater. 

Cubicle Type Boards. When 
oil circuit breakers first began 
to be used instead of air-break 
switches it was customary to 
mount them behind flat-back 
boards, without any precau- 
tion being taken to separate them from 
the other apparatus. This is a very simple 
and cheap arrangement and is still used 
occasionally although the official regula- 
tions limit its use in this country. 

The development of cubicle boards 
began when guards or shields were fitted 
between the oil circuit breakers and 
neighbouring apparatus. These consisted 
at first simply of slabs of insulating 
material fixed at right angles to the board. 
Later it became recognized that it was 
more effective to cncIo.se all the apparatus 
belonging to one circuit in a separate 
cubicle, so that in the event of a break- 
down the effects would be confined to the 
circuit in question. This construction 
has also the great advantage of i)rotecting 
anyone engaged in cleaning or adjusting 
apparatus from accidental contact witli 
live conductors in neighbouring circuits. 

Ferranti carried this construction to its 
logical conclusion in introducing the 
“ cellular " principle, where each piece 
of apparatus is in a separate cell. 

Sheet steel plates, J inch thick, are 
commonly used for cubicles, but very small 
cubicles may have thinner plates. The 
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SWITCHBOARD. Fig. 2 Typical arrangement of H.T. steel plate cubicle with front access ; tor direct 

manual operation. 


plates should be hydraulically flattened, the panel and access may be from the 
and c\’ery care taken to obtain accurately front or rear ; if instruments are mounted 
squared comers, so that doors and covers on the panel, rear access is more conve- 
wdl fit flush and without leaving gaf)s. nient as the necessity of arranging the 
Cubicle Boards for Industrial Applica- front of the cubicle as a door and accord- 
tions. These boards, which are usually ingly of supplying flexible connexions to 
constructed for voltages up to about the instruments disappears. On the other 
11,000, can be shipped completely assem- hand, space can often be saved by setting 
bled and then need little work on site the backs of the cubicles against a wall and 
(Fig. 2). The fronts of the cubicles, which having access to tliem by doors in front 
may be set side by side in a row, conslitute (Fig. 7 on Plate facing page 1200). 
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SWITCHBOARD Fig. 3 Unit of steel cubicle 
switchboard in which the circuit breakers are isolated 
from the bus*bars by being lowered. One of the 
current transformers is visible at the rear and the 
potential transformer with its protective fuses in the 
top of the cubicle Fig. 4 (belov/) General arrange- 
ment of truck-type switchboard. 

I Inti l( ( n , 1,1 il , of I Hflluiul 


SO that these cannot be either opened 
or closed unless the circuit breaker is 
opened. The circuit can thus neither be 
made nor broken with the isolating links. 

Such simple cubicle boards are usually 
made for hand operation, the handles of 
the breakers passing through the panel. 

A development of the ordinary cubicle 
board which is used where space is limited 
is that in which the circuit breaker is 
i.solated from the bus-bars by being 
dropped down (h'ig. 3). 

Tlie kiosks used for distribution trans- 
iormers in residential districts are also 
a form ol cubicle board. 

( ubicles can u.siially be arranged for 
front access only, thus saving the space 
recpiired for a passage-way behind a 
board, but il spare permits, it is always 
an advantage to arrange for doors both 
back and front to facilitate the work 
of clL-aning and in.spection. Cubicles 
should be de.signed so that any item of 
equipment can be removed without dis- 
mantling other apparatus. 

Truck Type Board. This is a develop- 
ment of the steel cubicle board. The cir- 
cuit breaker, current and potential trans- 
lormers, fu.ses, etc., are all mounted on a 
kind of vertical truck, the front of which 
forms the panel. Only the bu.s-bars are 
mounted on the fixed part of the board. 
Contacts on the rear of the truck engage 
with corresponding contacts on the bus- 
bars, when the truck is pushed into its 
cubicle. 


It is customary, jiartic- 
ularly where the Ixxirds 
are to be attended by un- 
skilled labour, to subdivide 
the doors and interlock 
them with the circuit- 
breaker and isolating links 
so that the door giving 
access to the circuit- 
breaker cannot be opened 
unless the isolating links 
are open, and also that the 
isolating links cannot be 
closed when the circuit 
breaker door is open (Fig. 
7 on Plate). The circuit 
breaker is also interlocked 
with the isolating links 
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SWITCHBOARD. Fig. 11 (left). A single unit of a truck type board withdrawn from 
Its cubicle. The shutters at the back of the cubicle are visible on the right. 

General l-:iectnc Co Ltd of England. 


Removing T 
the truck for 
inspection of 
the apparatus 
thus com- 
pletely iso- 
lates it from 
the supply 
(Fig. 1 1 (a) and 
(b)). Shutters 
may also be 
provided to 
cover up the 
bus- bars when 
t he truck is 
drawn and are 
opened auto- 
matically as it 
is introduced. 

Interlocks 
must also be 
provided t o 
ensure that 
the breaker is 
tripped before 
the truck is 
removed. 

The frame- 
work for truck 
type cubicles 
is built up of 
angle and 
channel iron ; 
castings a r e 
sometimes 
used, but they are often not absolutely flat 
and square, and arc liable to fracture in use. 

The stationary portion of the cubicle 
should be provided with rails for the wheels 
of the truck, to ensure accurate alinernent 
between the plugs and receptacles, inde- 
pendently of variations in the floor level. 

If a perfectly level floor cannot be 
provided, “ X or flat irons may be let 
into the floor to form a level path for the 
truck wheels, or a loose sheet steel plate 
may be laid on the floor when a truck is 
to be withdrawn. Five inches diameter 
is the minimum size of wheel which is 
satisfactory, and the wheels should have 
a broad face. If undue force has to be 
used to insert or withdraw a truck, the 
resulting shocks may damage instruments 
mounted on the board, or cause the 
contacts of relays on adjoining panels to 
fall and trip the switch. 


Moulded Stone or Brickwork Cubicles. 

Stone or brickwork cubicles are usually 
employed for situations where heavy 
short circuits may be expected, and for 
this reason, it is usual to provide separate 
compartments for each item of equipment, 
together with phase separation, to localize 
the effects of a breakdown of any one 
part. It is usual to fit sheet steel doors 
of not less than -J-in. thickness, provid- 
ing vent pipes leading out of the cubicles 
for breakers of high rupturing capacity. 
Bus-bar trough covers may be made of 
asbestos sheets, framed in small sections 
to facilitate handling. 

Cubicles with duplicate bus-bars are 
usually of the double-fronted type, and 
may be erected on two sides of a partition 
wall. In large power stations or main 
substations, where large oil circuit 
breakers are required and the cubicles 

M 
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SWITCHBOARD. Fig. 12. Isolating switch and 
instrument transformer cells of a remote mechanically 
operated brickwork cubicle switchboard for a 66*kV, 
3-phase, 50-cycle system 
Johtiitnn <C l*hlllips. Ltd. 

contain a full c(|uii)ment of instrument 
and protective iran.sformers, etc., two 
storey cubicles may be nec(‘ssary. 

Cubicle Board Practice. Of lat(‘, the 
cubicle board has yielded in favour to metal- 
clad compound or oil-tilled gear. In spite 
of this the cubicle board has it number of 
advantages compart'd witli tlie metal-clad 
type. The first of these is great .sim- 
plicity and acce.'^sibility of all parts for 
cleaning. It is true that the insulators 
require rather more cleaning than is the 
case with iron-clad gear, but il the cubicles 
are soundly constructed and the doors 
fit well, this should not be onerous. It 
must not be forgotten that when a thing 
is cleaned it is also inspected and regular 
inspection is most conducive to trouble- 
free service. When all the conductors 
and most of the insulators are immersed 
in oil or com})oiind inspection is practically 
impo.ssible. 

Stonework cubicle boards vary in the 
amount of separation that is f)iovided 
between the different pieces of apparatus 
and between the phases. 

In Germany it is common practice to 
separate each circuit from the neighbouring 
circuits by a wall, and in some cases the 



Fig. 13. Bus-bars and connexions of 1 1,000- volt Q.E.C. 
cubicle switchboard showing mica-wrapped oonducton 
and bakelite boxes on the Joints. 


SWITCHBOARD 


Fr^pquently the bus-bars are separated 
by partitions, but in order to reduce 
expense three-phase breakers are used so 
that in the breaker cells all three phases 
aife together (Fig. 12). Usually each set 
of isolating links, each set of fuses, each 
potential or current transformer and each 
circuit breaker has a separate cell, the 
connexions passing from one cell to the 
next by means of insulated bushings. 

It is common practice to insulate the 
conductors in cubicle switchboards, not, of 
course, for the full voltage to earth, but 
sufficiently to guard against the danger of 
voltage surges causing fl ash -overs. Several 
layers of insulating tape over all the con- 
ductors and joints is generally sufficient. 
On important installations wrapped-on 
mica insulation on the straight conductors 
with bakelite boxes on the joints has been 
used (Fig. 13). This makes an excellent 
job but is naturally somewhat expensive. 
Whatever may be done, the conductors in 
and adjacent to the oil switch cells should 
always be insulated, as it is there that 
flash-overs occur most often. 

Potential Transformers in Cubicle Boards. 
Mounting potential transformers in cubicle 
boards is often a troublesome business, as 
many as three cells having to be allotted 
to each transformer. This difficulty can 
be overcome by mounting the transformers 
and their fuses in small trucks similar to 
those of the truck type switchboards 
above, which are run into cells on the lower 
part of the board. Removing a trans- 
former thus isolates it automatically. 

Isolated Phase System. Particularly in 
America the principle of isolated phases 
has been carried to the extreme, each 
phase with its corresponding switches and 
apparatus being housed in an entirely 
separate building, no metallic connexion 
between the three buildings being per- 
mitted which could possibly lead to a 
flash-over causing a short between phases 

Iron-clad Switchgear. Unless isolation 
on both sides of the oil switch is required, 
draw'-out iron-clad gear possesses no ad- 
vantage over switchgear with isolating 
switches between the oil switch and bus- 
bars and a complete system of interlocks. 
Compound-filled gear is not necessary for 
voltages of 3,300 or below, except. 



the instrument transformers should be oil- 
immersed so that they can readily be 
changed for others of different ratio 
should occasion arise. 

Fine Wiring. For back of panel use 
single-core fire-proof cable is employed, 
flexible cable being used where conductors 
have to cross door hinges. Connexions 
between cubicles and control boards may 
be of multi-core armoured cable or single- 
core cables run in conduit ; the latter 
method has the advantage that conductors 
can be added with a minimum of expense, 
provided that conduit of ample size is 
installed in the first instance. 

Standard Finish. The usual finish for 
switchboards is black with nickel relief 
on the raised parts of instruments, oil 
switch escutcheons, etc. 

Sheet steel plates may be enamelled 
and polished, but a dull black finish, 
obtained by spray painting and stoving, 
looks well and is very durable. Cubicles 
arc sometimes painted baltleship-grey 
when required to harmonize with the 
colour used for painting machinery and 
structural ironwork. 

Tropical Finish. Certain precautions 
have to be taken in the design of various 
items of equipment for switchgear for 
use in a tropical climate. 

Metal scales are essential for instru- 
ments and relays, some of the metal parts 
may have to be plated, and special care 
is needed in the insulation and impregna- 
tion of windings. There must be no 
holes through which insects may enter. 

Instrument transformers must be de- 
signed with a large margin of safety. 
Potential transformers for use on circuits 
above 3,300 volts are more reliable when 
oil-immersed, and current transformers 
may with advantage be of the oil-immersed 
or compound-filled type for voltages 
above 6,600. 

Special care must be paid to painting, 
and small screws, etc., should be of brass 
wherever possible. If the plating is done 
thoroughly, instruments may be finished in 
nickel relief or all-black finish and should 
be periodically cleaned with a rag lightly 
smeared in vaseline. 

Cable trenches underneath the switch- 
board should be covered, taking the 
cables in and out through bushes which 
tightly fit the cable. 


1203 



SWITCHBOARD 


Direct Current Switchboards. 

Direct current switchboards 
for the control of generators 
and main feeders usually are 
of the flat-back type, with 
the circuit breakers, knife 
switches, etc., mounted on the 
front of the panels, and the 
bus-bars and connexions be- 
hind. A typical switchboard 
of this type is illustrated in 
Fig. 14. Continental design 
favours dead-front switch- 
boards, the switches and cir- 
cuit breakers being mounted 
on the back of the panels 
and operated from the front 
by means of suitable levers. 



Fig. 15. Iron-clad distribution board for msdium- 
tension S-phase systems. 

Johnson i I*hillip8, Ltd. 

This construction considerably increases 
the cost, and as main switchboards are 
operated by attendants possessing a certain 
degree of skill, while working pressure of 
such installations on D.C. systems rarely 
exceeds 500 volts, it is difficult to justify 
the extra cost. Flat-back switchboards 
are satisfactory under average conditions, 
but in very dirty positions, such as in 
cement works, they must be placed in a 
room apart from the works ; it is a very 


SWITCHBOARD. Fig 14 Flat-back switchboard 
for use on a medium-tension 2-wire D.C. system. 

Johnson li {‘Itilltfts t.td 

cxpcn^ive matter to construct totally 
enclosed iron-clad switchgear for the 
control of D.C. generators and feeders of 
any considerable size. 

General Switchboard Lay-outs 
Medium-Tension Distribution Switch- 
boards, A.C. and D.C. Distribution switch- 
boards for industrial use may be of the 
flat -back type, if the Home Office recom- 
mendations can be met, and the switch- 
board is not required for use in a very 
dirty or damp .situation. Totally en- 
closed iron -clad air-break .swatchgear is 
higher in first cost, but the saving of 
space which tlie use of this type of gear 
permits usually counterbalances the extra 
cost if the capacity of the circuits to be 
controlled does not exceed about 200 
amps., and the number of instruments is 
reduced to a minimum. Fig. 15 illustrates 
a typical iron-clad distribution board 
mounted against a wall. For use in very 
exposed positions, such as foundries, 
a drip-proof sheet steel type of dis- 
tribution cubicle is available. In this 
cubicle the phases are " stepped ” so as 
to give a straight run for the cables 
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and to facilitate connecting up. Sheet 
steel distribution cubicles are often clieaper 
than cast iron gear when non-standard 
requirements have to be met. 

Where direct current is used in collieries 
or in chemical works it may be necessary 
to employ totally enclosed oil-break 
switchgear to withstand the severe con- 
ditions of dirt, corrosive fumes, etc., 
which are encountered. 

Medium-Tension A.C. Switchboards. For 
medium-tension A.C. systems the avail- 
able types of switchboards are more 
numerous and a choice correspondingly 
more difficult. Flat-back switchboards 
may be used, and as oil circuit-breakers 
are almost exclusively employed on main 
A.C. .switchboards, all live apparatus can 
be mounted behind the panels. The 
arrangement of the apiparatus behind the 
panels renders it difficult to carry out 
repairs or adjustments with the circuits 
alive, and either the switchboard must 
be shut down or isolating switches be 
provided on each circuit, preferably with 
barriers between the panels. As no live 
gear need ])c mounted on the panels they 
may be of sheet steel, which gives a cheap 
and .serviceable construction. The dis- 
advantage of the flat-back board is the 
floor space required, the necessary p)assage- 
way in front and behind totalling, with the 
depth of the switchboard piroper, about 8 ft. 

Next in order of cheapness to the flat- 
back board is the totally enclo.scd sheet 
steel cubicle type. This type of switch- 
board can be made rea.sonably dust-proof, 
and is therefore more suitable for some 
situations than an open-type board. 
Isolating switches are nearly always 
provided in cubicle type gear, and a 
simjile and cheap interlock can be fitted 
between the oil switch and the isolating 
switch chamber door to ensure that the 
oil switch is opened before the door, thus 
reminding the attendant to open the 
Lsolating switches before working on the 
oil switch, etc. Provided the switch- 
board is not required for use in a very 
dirty or damp situation, the cubicle type 
of construction will be found to meet most 
substation and industrial requirements. 
When arranged for front access, the depth 
required, including the necessary working 
space in front, is about 6 ft. 

The draw-out truck type switchboard 


possesses a number of advantages over the 
stationary cubicle type. All apparatus 
which requires periodical inspection or 
cleaning is mounted on a withdrawable 
truck which makes contact with the 
fixed bus-bars and cable terminals by 
means of plugs and receptacles. Inter- 
locks are provided, and patent auto- 
matic shutters, which completely screen 
live metal when the truck is withdrawn. 
Unskilled labour can be employed for 
cleaning, and there is no possibility of 
accidental contact. 

No passage-way is required behind the 
switchboards, the overall depth required, 
including space for withdrawal of the 
truck, being about 6 ft. This depth is 
about the same as that required for a 
front acce.ss stationary cubicle, but it is 
much easier to work on a truck when it is 
withdrawn than on the gear in a stationary 
cubicle. Fig. i6 .shows a typical truck 
type switchboard with one of the trucks 
withdrawn. 

For simple feeder and transformer 
control boards where indicating instru- 
ments only are required, the iron-clad 
pedestal type construction makes a 
compact and inexj^ensive arrangement. 
The majority of installations do not 
require isolators on both sides of the oil 
switch, and a non-drawoiit type can be 
provided with bus-bar isolators and 
interlocks, and is therefore suitable for 
operation by unskilled attendants. 
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SWITCHBOARD. Fig. 17. View of 3,300- volt. 
3-phase iron-clad switchboard as used m non-fiery 
mines and other industrial sub-stations 

John 'ton <t Hhillifis lAd 

This type of gear is dust-proof and can 
be made weather-proof, and is thus suitable 
for use under the most severe conditions. 
Having been designed as an inexpensive 
type of apparatus for industrial and 
mining (non-fiery) use, this type of switch- 
gear is not arranged to accommodate a 
large number of indicating instruments, 
watthour - meters or special forms of 
protective gear such as the Merz-Price. 
Pig. 17 illustrates a typical iron-clad 
switchboard provided with isolating 
switches. 

H.T. and E.H.T. A.C. Switchboards. For 

sub-stations and small pow’er stations 
where an oil circuit breaker having a 
rupturing capacity not exceeding about 
100,000 kVA is required, cither the 
stationary sheet steel cubicle or the draw- 
out truck type switchboard may be 
employed. The latter type shows a 
saving in space compared with the back 
access stationary cubicle, but it is usually 
possible to arrange .stationary cubicles for 
front access only, although both back and 
front access is recommended where space 
permits. If full interlocks are provided, 
the cost of the two types is approximately 
equal, but the stationary cubicle can be 
provided more readily with separate com- 
partments for potential transformers, oil 
circuit breakers, etc., thus localizing the 


effect of a breakdown of 
any component part. The 
truck type cubicle is more 
I accessible for cleaning and 
repairs and does not require 
so much headroom as a 
stationary cubicle, but 
being a standard produc- 
tion does not always lend 
itself to special arrange- 
ments to suit unusual re- 
quirements. Either type is 
satisfactory, however, for 
general conditions. 

For the control of large amounts of 
power, where oil circuit breakers of high 
rupturing caj)acity are required, struc- 
tures of sheet steel are not altogether 
saliafactory. For such work, phase 
separation is desirable, and each item of 
equipment should be housed in a separate 
compartment so as to minimize the risk 
of the spread of fire resulting from a break- 
down of any item of equipment. Moulded 
stone or brickwork cubicles make a satis- 
factory arrangement, the oil circuit breaker 
being arranged for remote operation, 
either electrical or mechanical, the operat- 
ing lever or controller and the instruments, 
relays, etc., being mounted on a control 
board of the flat-back or desk type. 

Compound-filled iron-clad switchgear 
may also be used for important installa- 
tions, but it is considerably more expensive 
than a stonework cubicle arrangement. 
The saving in space resulting from the 
compact design of compound-filled gear 
counterbalances the extra initial expense 
for very large or very high voltage installa- 
tions, but for the average switchboard, 
for, say, an ii,ooo-volt system with 
25,000 kVA of generating pflant, there is 
little saving in floor space, and the height 
of the building is usually fixed by con- 
siderations other than the height of the 
switchgear. 

For 3,300- volt service, where large 
rupturing capacity is not required, the 
iron-clad type switchboard described under 
medium- tension switchgear may be em- 
ployed, subject to the limitations pre- 
viously mentioned. This class of gear is, 
of course, essential for colliery use. 

Fig. 10 on the plate shows a five-panel 
drop-down switchboard for controlling an 
ii-kV supply from the British " Grid/' 


1206 



SWITCHBOARD 


These panels are of the sheet-steel fabri- 
cated construction, the circuit breakers 
being of the heavy-duty, circular tank type 
giving a particularly robust construction. 

Control Boards are of the flat-back or 
desk type, b^it the former is preferable as 
instrument wiring is much more accessible. 



SWITCHBOARD. Fig. 18. 11,000-volt G.E.C. high- 
te;n8ion stonework cubicle switchboard installed at 
Hams Hall Power Station, Birmingham, showing 
solenoid-operated oil circuit breakers 


Control boards for large stations prefer- 
ably should be installed in a room apart 
from the engine-room, so that the atten- 
tion of the attendants is not distracted in 
the event of trouble to the running plant ; 
in this case, a proper system of signalling 
to the machine attendants, and a duplicate 
synchroscope in the engine-room, would 
be provided. If the control board must 
be mounted on the gallery in the engine- 
room, and it is thought necessary to 
arrange for the attendant to be able to see 
over the board into the engine-room, a 
desk type board must be provided, but in 
practice it is found quite convenient to 
provide a flat-back board with the front 
facing the machines, as the switchboard 
attendant need not face the machine 
driver when giving hand signals to raise 
or lower speed, etc. In small stations 
the machine driver can often read indicat- 
ing instruments from the engine-room with 
a fair degree of accuracy when the control 
board faces the engine-room, and a know- 
ledge of the approximate load being taken 
by the machines is a helpful check on the 
reading of the turbine instruments. (See 
further under Switchgear.) 

The Care of Switchboards : Cleaning. 

Marble or enamelled slate must not be 
cleaned with an oily rag, but, when 
necessary, with a damp, soapy cloth. 
Enamelled slate may be polished with the 
aid of a little boot polish and a soft rag. 
Oiled slate may be cleaned by first dusting 
with a dry cloth, finishing off with a clean 



Fig. 19. General view of control-room at Hams Hall power station showing, left, the remote control board for 
the ^ 1,000-volt gear in Fig. 18 and, right, the remote control boards for the 460- volt D.C. switchgear. 

General EleetHe Co., Ltd., of England 
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rag moistened with linseed oil. Metal 
polish should not be used on the bright 
finish of instruments, or the plating, 
however substantial, will disappear in a 
year or two ; a clean rag with a trace of 
vaseline will give quite a bright finish and 
will prevent rust. 

Routine Inspection. As far as possible 
all trip-coils, closing solenoids and similar 
apparatus should be tested weekly. If a 
circuit breaker is not tripped occasionally it 
may fail to operate under fault conditions. 
Opening and closing a switch a number of 
times every week also assists in keeping the 
contacts bedded, and it is recommended 
that this practice be adopted for all heavy 
current switches which ha\'c to carry 
continuously a current in the neighbour- 
hood of full load. 

Relays can be operated by hand to 
ensure that the mo\’ing parts are free, and 
attention paid to see that the cord in 
relays of the weight-winding tvpe is in its 
groove or pulley. Oxidation of the mer- 
cury in mercury cup contacts may be 
prevented by covering the surface with oil. 

If a primary battery is used for operating 
shunt trip-coils, an ammeter, push button 
and resi.stance should be provided for 
testing purposes, the resistance being equal 
to the resistance of a trip-coil, and a red 
mark made on the ammeter scale to 
indicate the minimum current which will 
operate the trip-coil. 

It is very necessary periodically to clean 
up the main and arcing contacts of air- 
break and oil-break circuit breakers, any 
blobs of molten metal being filed down. 
Unless badly burnt arcing contacts are 
replaced they will eventually fail to protect 
the main contacts from damage. 

As soon as possible after a fault, it is 
advisable to inspect all circuit breakers 
which may have been affected, cleaning 
up contacts and adding oil to replace any 
which may have been ex])cllcd. 

The oil in circuit breakers and current 
and potential transformers may be filtered 
and used again, or replaced with new oil, 
annually, or oftener in the case of breakers 
which are frequently called upon to 
operate under load. The oil in heavy 
current circuit breakers tends to sludge in 
time, thus preventing proper circulation 
and causing overheating, and the use of 
non-sludging oil is recommended. 


SWITCHBOARD PANEL. See Panel. 

SWITCH-FUSE. There are many situa- 
tions where the protection afforded by a 
fuse (q.v.) is ample in case of overload or 
short circuit, but where it also is desirable 
to be able to break the circuit for the 
purposes of repairs, etc. vSuch cases arise 
where small supplies are tapped off H.T. 
or L.T. systems. One solution is to put a 
switch in scries with the fuse. An eco- 
nomy can, however, frequently be made 
by combining both into a switcli-fuse. 

The requirements of such an apparatus 
are : 

1. As a sw’itch it must be capable of 
interrupting the normal full load current 
of the circuits which it supplies. 

2. As a fu.se it must be capable of inter- 
rupting the maximum possible short- 
circuit current at the point where it is 
installed. 

3. If the fuse blows at the instant the 
switch is being oj)ened the operator must 
be completely protected. 

4. The fuse must only be accessible for 
changing when in the o]')en position ; 
there must be no risk of touching live 
parts wdiile carrying out this operation. 

Generally the fu.ses are enclosed in a 
box, wdiich can only be opened w'hcn the 
switch-fuse is open. The fu.se itself, or a 
holder in which the fuse is fixed, is ar- 
ranged to pivot and bridge over between 
the two fixed contacts. The act of 
opening the circuit may be used to operate 



' wm warn h 

SWITCH-FUSE. Fig. 1. 11, 000-volt oil-immersed 
G.E.C. switch-fuse, with tank lowered and fuses in 


position for re-wIring. 
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Fig- 6. * ‘ Safetee ” 

combined switch- 
fuse, D.P. change- 
over, or 4-pole for 
A.C.orD.C 500-volt 
supply. 

L Wcrh-s {Luton). Ltit 


Fig. 7. Combination 
switch - fuse with 
n o n - d e t eriorating 
cartridge fuses of 
25,000- kVA ruptur- 
ing capacity. 

Elect riLCo .Ltd 


Fig. 7 


a pair of shutters which cover up the 
fixed contacts and prevent accidental con- 
tact with them. 

For high tension, switch-fuses arc often 
immersed in oil. Fig. i represents an iron- 
clad model which is made up to 33,000 volts. 
Fig. 5 is another for low-tension circuits. 

Figs. 2, 3 and 4 show an automatic 
"drop-out '' swit('h-luse used for overhead 
lines. The fuse wire holds a catch which 
in turn holds the swatch closed. On the 
fuse blowing the catch is released and the 
fii'^e-holder drops out of the upper contact 
and is left hanging .so indicating the phase 
affected. The device can be operated ard 
the fuse replaced by an insulated pole. 

Tn Fig. 6 is a change-over switch-fuse 
for 500-volt A.C. or D.C. supply. A feature 
of this type of switch-fuse is that it is only 
possible to have one switch in the "on" 
])osition at a time. Both swatches can, 
however, be " off." For further examples 
see Fuse ; Oil-Break Fuse; Switch, etc. 
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SWITCHGEAR IN MODERN POWER PLANTS, 

By C* C* Garrard, Ph.DM M.LE.E., A.Aiti.LE.Em ani C, J, O* Garrard, M.Se* 

In the broadest sense of the word the term switchgear covers all apparatus for 
making and breaking electric circuits and regulating the current flowing in 
them. Many particular aspects of the subject are dealt with under Switch, 
Protective Devices, Relay, Starter, etc., and reference should be made to these 
headings. This article deals with the apparatus which is interposed between 
the generators and the distributing feeders, or between the feeders and the 
point of utilization to regulate the distribution of current to the different users. 

It should be studied in conjunction with the preceding article, Switchboard. 

See also Arc : Blow-Out : Bus-Bar : Circuit Breaker ; Contactor ; Switch-Fuse. 


The elements from wliich a switchgear 
installation is built up are the following : 

(1) Fixed bus-bars and connexions; 

(2) Movable isolating switches, con- 
necting links, etc., which are used to con- 
nect up the different sections of fixed 
conductor and bus-bar ; 

(i) and (2) together serve to direct tlie 
current in the desired channel. 

(3) Devices such as switches, air-break 
circuit breakers, oil circuit breakers, fuses 
and reactances, which arc used to control 
the current and prevent dangerous con- 
ditions ; and finally 

(4) Measuring instruments, with their 
corresponding shunts, current and poten- 
tial transformers, etc., which are used to 
measure the current. 

It is necessary to distinguish between the 
two sorts of switches mentioned above. 
Isolating or sectionalizing switclies, or dis- 
connecting links {q.v.) as they are variously 
called, are switches used to link up 
different parts of the bus-bars, to connect 
circuits to the bus-bars and so on. Tliey 
should not be used, however, for making 
or breaking circuits in which a current is 
flowing or would flow w’cre the isolating 
switch in question closed. Circuit breakers 
(q.v.) arc capable by their construction of 
making and breaking the heaviest current 
likely to be met with on the particular 
system. 

Isolating switches generally have circuit 
breakers in series with them, which should 
be open before the position of the isolating 
switches is changed. 

We will begin by considering the 
principles inv^olved in the lay-out of these 
elements to form the complete installation 
and then go on to discuss the apparatus 
of the switchboards. 

I. Lay-out of Switchgear 

The most important factor in the design 
of a switchgear installation is the lay-out 


of the main circuit diagram. This must 
be simple and clear and exactly adapted 
to the end in view. The amount of money 
which one is prepared to spend on switch- 
gear will vary very much with the type 
of load, and whether this will allow of 
short interruptions of supply or whether 
continuity is of paramount importance, 
as, for instance, in central stations. The 
installation should, however, be confined 
to that wlr'ch is absolutely necessary, as 
all superfluous apparatus, besides in- 
creasing the expense, adds to the risk of 
breakdown. 

The plait generally adopted in installa- 
tions of whatever size is to have a scries of 
conductors called bus-bars {q.v,) which 
are maintained continuously under tension 
and to which are connected the individual 
circuits from the generators or to the 
feeders. It follows from this that the 
main diagram, or schematic diagram as it 
is sometimes called, should be built up of 
a number of unit sections each correspond- 
ing to a single outgoing or incoming cir- 
cuit. These units should, for the sake of 
simplicity and interchangeability, be as 
nearly alike as i^ossiblc. 

It is essential to grasp the principles 
involved in the design of individual circuit 
units before attempting to construct 
complete circuit diagrams. The same 
apphes to complete wiring diagrams of 
installations (the term " wiring diagram ” 
is used for diagrams containing all the 
detail of the fine wiring for control and 
measuring circuits as well as the main 
conductors). It is of no use attempting 
to study complete wiring diagrams before 
the principles underlying the component 
parts have been mastered. In the same 
way the correct method of constructing 
circuit diagrams and wiring diagrams is 
to decide how many and what kind of cir- 
cuits are necessary and how each should 
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be arranged, what lay-out of bus-bars will 
be most advantageous, and finally piece 
the whole scheme together from its com- 
ponent parts. 

Arrangement of Bus-bars. This must 
satisfy the following requirements ; 

(A) The arrangement must be as simple 
and clear as possible consistent with pro- 
viding the means of meeting all conditions 
likely to be met with in exploitation, 
including abnormal conditions due to 
breakdowns of apparatus, outages, and 
so on. 

(B) Each incoming or outgoing circuit 
must be capable of being opened or closed 
without disturbance to the other circuits. 

{C) It should be possible to isolate each 
part of the installation for repair or 
cleaning without interrupting the supply. 

The simplest arrangement of bus-bars 
consists of a single set of conductors (the 
number being i, 2, 3, 4, or more, depending 
on the system of distribution in use), 
which are maintained constantly under 
tension by the source of supply, and from 
which the requisite number of outgoing 
circuits is tapped off. Fig. i shows this 
diagrammatically. It should be noted that 
the diagrams used here are “ single-line ” 
diagrams, i,e. each line represents one, 
two, three, or more conductors, e.g. for a 
three-phase system each line represents 
three conductors. 

The single bus-bar system has the dis- 
advantage that, if a breakdown occurs on 
the bars, or if it is required to make them 
dead for cleaning or repair, the whole of 
the gear must be shut down. To avoid 
this, double bus-bars arc used (Fig. 2). 
Each incoming and each outgoing circuit 
can then be connected to either of the 
two sets of bars, so that one set can be 
made dead without affecting the other or 
the supply. Where economy is iiTi})ortant 
each branch circuit is provided with one 
oil switch only, which is connected to one 
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Fig. 2 Double bus-bar system with one circuit 
breaker for each circuit. 


or other of the two sets of bus-bars by 
means of two sets of isolating switches 
(Fig. 2). 

Occasionally two circuit breakers are 
used for each circuit (Fig. 3). This is, 
however, a somewhat expensive measure. 

Bus-Coupling Circuit Breaker. With 
double bus-bar systems it is customary to 



Fig. 3. Double bus-bar system with two circuit 
breakers per circuit. 

have a bus-coupling breaker, i.e. one 
that can be used to connect the two 
.systems of bus-bars together (Fig. 2). This 
serves a variety of purposes, the chief of 
which is to divide or parallel the two sets 
of bars when for any reason it is desired to 
run them separately. It is clear that to 
separate one .set of bars from the other by 
means of an isolating switch while both 
were under tension would be dangerous, 
while to parallel them under the same 
conditions would be impossible with- 
out shutting down one part. The bus- 
coupling circuit breaker enables both 
these operations to be carried out safely. 
It should be closed as an additional safe- 
guard during the time that feeders or 
generators are being changed over from 
one set of bars to the other. Thus 
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Fig. 5. Method of connecting bus<sectionahzing 
switch and reactance to double bus-bar system. 

(referring to Fig. 2) bus-bars i might be in 
operation so that isolating switches^ are 
closed. To change over to bus-bars 2. 
first the isolating switches r are closed, 
and then the bus-coupling breaker; after 
this, isolating switches q are closed and p 
are opened. Finally the bus-coupling 
breaker is opened, followed by its isolating 
switches r. 


arrangement is to provide a “ tie-bar 
(Fig. 6). Here sectionalizing switches are 
provided, but the reactances are not 
connected directly between the bus-bar 
sections, but between these and the tie- 
bar.” For further discussion of this point 
see Protective Devices. 

Auxiliary Bus-bar. This is a device fre- 
quently used on the Continent. A reserve 
or auxiliary breaker is provided, which 
can be connected to either of the sets 
of main bus-bars, and which feeds an 
auxiliary bus. This can be connected to 
any one of the outgoing or incoming 
circuits by means of isolating switches, and 
enables the breakers belonging to these 
circuits to be examined without inter- 
rupting the supply (Fig. 7). 

Ring Bus-bar System. The flexibility of 
an installation may be increased by 



The bus-coupling breaker may be used 
to replace temporarily a breaker whicli 
has been damaged (Fig. 4), and so on. 

Bus-bar Sectionalizing Switch. It is 

frequently convenient to be able to divude 
the bus-bars into several .sections. In 
order to do this bus .sectionalizing switches 
or breakers may be provided (Fig. 5). 
These are frequently u.sed in conjunction 
with current-limiting reactances as shown 
in Fig. 5. The bus sections can either be 
connected directly together (when, for 
instance, the total capacity of the genera- 
tors connected is small and the short- 
circuit power limited), or by means of the 
reactances when the total connected 
capacity is large. Another and better 
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connecting the two ends of the bus-bars 
together to form a ring. It thus becomes 
possible to connect one part of the bus-bars 
to another by two alternative routes. The 
maximum of flexibility is probably given 
by a duplicate ring bus with a series of 
sectionalizing switches, each section of 
duplicate bus being provided with a 
bus-coupling switch (Fig. 9). The com- 
bination of this with an auxiliary bus bar 
as shown in Fig. 7 would allow ol dealing 
with any conceivable contingency that 
might arise. 

Arrangement of Branch Circuits. Once 
it has been decided how the bus-bars are 
to be arranged consideration can be given 
to the branch circuits. 

In the case of generator circuits it is 
necessary to be able to isolate the breaker 
from the bus-bars. If the breaker is out 
of service the machine must in any case be 
sliut down so that is no ol^ject in having 
isolating switclies on the generator side of 
the breaker (Fig. 4). 

A cable or transmission line may or 
may not be under tension while the 
breaker is being handled so that on feeder 
circuits it becomes necessary to have 
isolating switches on both sides of the 
breaker (Fig. 4). 

Earthing Switches. I'hese are fre- 
quently used for earthing the outgoing 
ends of overhead lines so that work can 
be carried out on the lines without fear 
of their becoming live or electrostatically 
charged. The earthing switch is often 
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SWITCHGEAR. Fir 8 Use of bus-bars at generator 
voltage and on the H T side of the step-up trans- 
formers, with feeders connected to both sets of bars. 
(Single bus-bars are shown, but in general double 
bus-bars would be employed tor such a scheme.) 


combined with an isolating switch (see 

39 )- 

Choice of Bus-bar Voltage. The volt- 
age is naturally determined to a con- 
siderable extent by the use to which the 
current is to be put. 

For distribution, pressures up to 250 
volts arc most common, while three-wire 
systems (q.v.) generally have up to 500 
volts between tlie outer conductors. For 



tramways 500-600 volts 
is most common, while for 
D.C. traction 600, 800, 
1,200, 1.500 and 3,000 

volts are used. 

It is only when one 
comes to the generation 
and distribution of large 
blocks of power that con- 
siderations other than the 
purpose for which the cur- 
rent will be used become 
important, and have an 
influence on the arrange- 
ment of the switchgear. 

Alternators are com- 
monly built to generate 
at 6,600 to 11,000 


.Switchgear. Fig. 9. OQuble ring bus system with bus-sectlonalizing 

and coupling switches. VOUb, 


Machines are 
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Fg.10 Direct con- 
nexion of genera- 
tors with step-up 
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at present in oj')eration or being built 
for 22,000 or 33,000 volts. It remains to 
be seen whether this will become general. 
If it does it will only be for very large 
machines, while for medium size machines 

11,000 volts will probably remain the 
commonest value. As long as the distances 
over which the bulk of the current must be 
transmitted arc not so great as to render 
the use of 6,600 to 11,000 volts unecono- 
mical it is most convenient to build the 
switchgear for this voltage, and connect 
the local feeders direct to the generator 
bus-bars (Fig. 8). 

A limit is set to such voltages for very 
large stations by the difficulty of dealing 
not only with the short-circuit current but 
also with the normal current. It is found 
that for 50-cycle circuits it is very e.x- 
pensive and inconvenient to construct 
switdigear and connexions for currents 
a.t!k>ve about 3,000 A. This corresponds 
%o 34,000 kVA at 6,600 volts, three-phase. 
Machines of this size are common to-day. 



f)owcr station it becomes advisable to 
switch at a higher voltage so as to reduce 
the magnitude of the currents. In this 
case each alternator is coupled directly 
to a bank of transformers the switchgear 
being on the H.T. side of these transformers 
(Fig. 10). This is the arrangement com- 
monly employed for large modern power 
stations (e.g. Battersea, where the generator 
voltage is 11,000 volts and the switchgear 

66.000 : St. Denis, Paris, generator 

10.000 volts, switchgear 60,000 volts). 
Occasionally an auxiliary bus-bar is 

used (shown dotted in Fig. 10) to enable 
any generator to be connected to any 
transformer. This does not meet with 
favour in the case of very large units, 
however, as the added complication of the 
heavy isolating switches is undesirable. 
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Power Station Auxiliaries. The re- 
liability of a power station is dependent 
to a great extent on the right method being 
adopted for supplying the motors of the 
auxiliary services, such as feed pumps, 
fans, condensing water pumps, etc. When 
these are of moderate size D.C. can be 
used with a battery to guard against in- 
terruptions. A battery is always used for 
the tripping and signal circuits. In large 
stations it is frequently more economical 
to use high-tension three-phase motors 
for the fans, etc. The safest method in 
this case is to use double bus-bar boards 
for the auxiliaries, each set of bars being 
fed from a separate and independent 
source of supply. One of these may be 
the main station bus-bars and the other 
special house generators. One such 
arrangement is shown diagrammatically in 
Fig. II. Where auxiliary circuits are fed 
directly from the main bus-bars care must 
be taken that the breaking capacity of 
the circuit breakers used is sufficiently 
great. In general this must be the same 
as for the main circuit breakers, as the 
possible short - circuit power on the 
auxiliary circuits will be the same as on 
the main circuits. If step-down trans- 
formers are used as in Fig. ii the short- 
circuit power is limited by the reactance 
of the transformers. 

II. Selection of Switchgear 

Once the lay-out of the bus-bars and 
circuits has been decided upon, the next 
step is to determine what kind and size 
of circuit breaker and switchgear is to be 
installed. It is not possible to deal 
exhaustively here with the multitudinous 
designs and types of switchgear that are 
upon the market and with the reasons that 
lead to the choice of any one of them in 
different circumstances. All that can be 
done is to give a general description of the 
commoner types with indications of the 
service for which they may be used. 

There are, however, certain general 
considerations which influence the choice 
of switchgear and which may be mentioned. 
These are stated below. 

(A) Normal Voltage and Current. The 

voltage of the supply is the factor which 
has the greatest influence on the type of 
switchgear used in a given case. The 
higher the voltage the greater must be the 


distance between conductors of different 
polarities and the stronger must be their 
insulation. While low-tension apparatus 
can be mounted on slate or marble slabs 
with small spacings, the use of high 
tension necessitates either large spacings 
between the conductors, as in H.T. outdoor 
switchgear, or surrounding them com- 
pletely with a substance of high dielectric 
strength, as with H.T. compound-filled 
gear. 

When the tension is elevated, the 
currents are normally of moderate value 
and it is only on L.T. circuits that very 
heavy normal currents are encountered. 
Here the chief object is to reduce ohmic 
drop and heating of conductors and con- 
tacts. This leads to the use of open type 
gear with very lieavy conductors, strongly 
supported to resist the electrodynamic 
forces in case of short circuit. 

(B) Short-Circuit Power of the System. 
As the purpose of switchgear is not only 
to direct and control the flow of current 
but to interrupt it when it attains a 
dangerous value, the circuit breakers used 
must be capable of interrupting without 
damage the severest short-circuit currents 
{see Short Circuit) that can occur at the 
point in the system where the gear is 
installed, i.e. they must have a sufficiently 
large breaking capacity. In fact, the 
choice of high-tension switchgear is 
determined almost entirely by the necessity 
of having a sufficient breaking capacity. 
This is defined (B.S.I. Spec. No. ii6) as 
“ the maximum R.M.S. current at rated 
working pressure, or the maximum kVA 
which the switch will break under pre- 
scribed conditions at stated intervals a 
specified number of times. The value of 
the maximum kVA is the product of the 
rated working pressure in kilovolts and 
the actual current at the time of separation 
of the contacts, multiplied by i, 173, or 
2 for single-phase, three-phase or two- 
phase systems, respectively.'' 

In the early days of the use of 
oil circuit breakers, system short-circuit 
powers were small and little trouble was 
experienced with explosions and failures 
to clear faults. After the war, however, 
when large power networks began to 
develop, particularly in America and on 
the Continent, much difficulty was ex- 
perienced on this score, and it was soon 
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Time( Seconds) 

SWITCHGEAR. Fig. 12. Short-circuit current char- 
acteristic of system fed by synchronous machines based 
on 10 per cent, total reactance and initial full load 
conditions 


realized that the apparatus then in use 
was totally insufficient lor the short- 
circuit capacities resulting from the linking 
up of numbers of large power stations. 
The establishment of short-circuit testing 
pliant and much research on arc phenomena 
have resulted in enormous .strides being 
made in oil circuit breaker construction 
and also in the partial supiersession of oil 
circuit breakers by compiressed air and 
expansion switches. At tlie time of 
writing the matter is in a state of flux and 
it is difficult to forecast what system of 
construction will crystallize out of the 
present experiments. 

Determination of Necessary Breaking 
Capacity. When a fully excited alternator 
running at full speed is short-circuited the 
short-circuit current that flows in the first 
instant is very much greater than the 
steady short-circuit current that would 
flow were the machine first short-circuited 
and then run up to speed and excited. 
The reason for this is tliat the initial rush 
of current is determined solely by the 
generated E.M.F. and the leakage react- 
ance of the alternator windings. It is 
only after tlie short circuit current starts 
flowing that it can exercise its demagnetiz- 
ing effect and reduce the E.M.F. of the 
machine. The result is that in the first 
instant of the short-circuit a current flows 
that may be as large as 20 times the normal 
full load current. This decreases at 
first very rapidly, then afterwards more 
slowly until after 2 to 3 seconds the 
sustained short-circuit value is reached, 
which may be from 2 to 3 times the full 
load current (Fig. 12). 

In practice, the protective gear and the 
oil circuit breaker itself have a certain 
time lag, so that a breaker is not called 


upon to interrupt the initial current peak. 
The B.S.I. recommends that where there 
is no reactance in the circuit except that 
of the alternators, which is assumed to 
be 10 per cent., the breaking capacity of 
the breakers should be about 6 times the 
normal full load capacity of the installa- 
tion. Where current-limiting reactance 
coils, transformers or lengths of trans- 
mission line are interposed between the 
breakers and the generators, this value may 
be reduced accordingly. Modern turbo- 
alternators are built with very high re- 
actances, which also tends to reduce the 
severity of short-circuits. 

The choice of the switchgear to be 
installed at any point on a system must 
theretore be based upon calculations {see 
Short Circuit) of the severest possible 
short-circuit that could occur at that 
point under any possible condition of 
loading of the network. The breaking 
capacity of the switchgear must then be 
such as to allow a reasonable margin of 
safety above the calculated value. 

There are short-circuit testing stations 
now in existence in this and other countries 
where breakers may be tested under 
short-circuit conditions even more severe 
than tliose occurring in practice, so that 
in a few years’ time we may hope to see 
breaking capacities guaranteed almost as 
accurately as kVA. load capacities of 
machines can be guaranteed at present. 

(C) Security Against Short-Circuit Currents. 

If it is essential that the circuit breakers 
l)e capable of interrupting the maximum 
possible short-circuit current that is to be 
expected on the .system, it is none the less 
important that the other parts of the 
gear be able to withstand the mechanical 
and thermal effects of short-circuit cur- 
rents without damage. 

On heavy short circuits the electro- 
dynamic force between two adjacent 
conductors of a set of bus-bars may be 
very considerable, amounting in some 
cases to several hundred pounds per foot 
run. It thus becomes necessary to 
support the bus-bars very strongly, 
preferably with insulators in the plane 
of the three conductors and on both 
sides of each bar so as to work always in 
compression. For the same reason tubular 
or U-shaped bars are sometimes used 
instead of strip as they are more resistant 
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SWITCHGEAR. Fig. 13. Switchboard controlling two 
incoming feeders from the “ Grid," and two outgoing 
feeders, equipped with duplicate bus-bars. The bus- 
bar coupler panel is the centre. 

Switchgear d Cowans, Ltd 

to bending ; tubular bars have also the 
advantage of having no sharp edges which 
can set up brush discharges or corona 
; the)^ also have lower A.C. resistance. 

A further precaution which must be 
taken is to guard against the possibility 
of spontaneous opening of isolating links 
and breakers due to the tendency of the 
electric circuit to increase its periphery. 
The forces involved are considerable and 
may be sufficient to open an air isolating 
link or separate the contacts of an imper- 
fectly designed circuit breaker with 
disastrous results. To guard against this, 
isolating links are frequently provided 
with locking devices and circuit breakers 
are sometimes so designed that the electro- 
mechanical forces tend to force the con- 
tacts together instead of opening them. 

The minimum size of conductor that 
may be employed in a switchboard is 
frequently limited not by the normal 
current but by the short-circuit current, 
as it is essential that the heating caused 
by the short-circuit current should not 
be so great as to damage the conductors. 


III. Types of Switchgear 

In the following paragraphs the chief 
characteristics of the commoner types of 
switchgear are described. 

Switchgear is generally arranged in the 
form of switchboards and the arrangement 
and construction of such boards is discussed 
under the heading Switchboard. 

Low - Tension Iron - clad Switchgear. 
Iron-clad switchgear is gear of the type in 
which all live parts are enclosed in an 
earthed metallic casing. It is extremely 
useful in tropical climates, in situations 
where vermin is prevalent and in mines 
where safety to human life is of paramount 
importance, and is made for all voltages 
and breaking capacities from the smaller 
industrial and mining types up to the 
largest super-generating station require- 
ments. We deal here with small iron- 
clad gear, leaving consideration of the 
larger types until later. 

Apart from its use for isolated switches 
on individual circuits, the most important 
application of iron -clad gear is for building 
up unit-type boards. For lighting, and 
small power installations, machine shops 
and the like, this type of board finds ever- 
increasing favour. It is built up from 
standard cast-iron or steel sections, each 
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containing a switch, a 
set of fuses or a section 
of the bus-bars. Used 
in conjunction with 
armoured cables or steel 
conduit it makes an 
excellent job, being little 
affected by dust and 
moisture, very flexible 
and readily extended. 
A form of iron-clad gear 
is the distribution pillar 
used for urban distribu- 
tion and installed in 
the open air on the side 
of the pa\enu‘nt. Sir 
also Distribution Board 
and Feeder Pillar uit/i 
Plate facing page 508. 

Mining Gear. For 
collieries, oil n'lineries 
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SWITCHGEAR. Fig. 14. Five- 
panel internal isolation switch- 
board installed in a consumer's 
sub-station for 11,000 volts, 
S-phase, 300 amps., 75,000 kVA 
rupturing capacity. 
Su'itchgear S Cowant, Ltd. 

Fig 15. Switchboard with front 
of panel bus-bars installed In a 
London sub-station. 

J a ^tottrr d Co., Ltd. 
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and other situations 
where exj>losivew mixtures 
of air and gases or vapours 
are liable to occur, iron- 
clad gear is essential, as it 
is the only form which 
lends itself to explosion- 
proof construction. In 
order that gear may be 
said to be explosion-proof, 
it must be so enclosed that, 
on the ignition of an 
explosive mixture inside 
the case, the explosion or 
flame does not communicate itself to the 
atmosphere, which for the purpose ef the 
test is also rendered explosive. 

The construction most frequently 
adopted is to make the cases of massive 
cast iron or steel, the joints of the lids, 
and so on, being very wide and machined 
quite flat (Fig. i6). When the cover is 
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Fig. 18. Oe.OOO-volt oil-filled, metel-clad switchgear for Battersea power station of the type shown in Fig. 17. 

MvtropoUtan'V icktra Blcetrical Co., Ltd. 
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over the metal surfaces that they are not 
capable of igniting an explosive mixture 
outside. Such switches are frequently 
installed on the unit system, as shown, for 
instance, by Fig. i6. 

Ironclad construction, which was 
originated for low-voltage mining and 
industrial gear, has in recent years been 


therefore, approximate to high-tension 
cables. In such cases oil filling is adopted, 
as it is absolutely essential that there be 
no voids or cracks which would lower the 
dielectric strength. The passage of con- 
ductors from one compound-filled .space 
to another may be effected either by 
passing them through bushings or 



SWITCHGEAR. Fig. 19. industrial metal>ciad compound-filled internal 
isolation switchgear 

or d (nuoris. I.td 



Fig. 21 Bus-bar section of 1 1-kV. 
compound-filled gear. The tubu- 
lar bus-bars arc shown before the 
compound is poured in, also the 
connexions to the sockets on the 
bottom right-hand side. 


adopted for all voltages in common use. 
It is now standard practice for voltages 
up to 35 kV, a number of installations for 
66 kV are in operation, and experimental 
plant for 132 kV has been erected, 

High-Tension Metal-Clad Gear. Certain 
features of this design are common to all 
makes. The conductors are mounted in 
boxes of cast iron or sheet steel, and the 
space between them and the walls of the 
box filled with compound or oil (Fig. 21). 
The compounds vary in consistency from 
hard, resin-like material to a thick, syrupy 
liquid. The hard compounds have a high 
dielectric strength, but are liable to crack 
on cooling or if the case receives a heavy 
blow. On the other hand, fluid compounds 
or oil are liable to leak out of the case 
unless the joints are very carefully sealed. 
On the whole the best sort i.s probably of 
medium consistency, with a tough or 
rubbery nature which prevents the forma- 
tion of cracks. The pouring temperature 
should be about 65° C. (see Compound 
Filling). 

For extra high-tension gear (e.g. 66 kV) 
condenser' bushing type insulation (q.v.) 
is generally used for the conductors, which. 



Fig. 20. All-enclosed metal-clad switchgear with 
circuit breaker racked out and tank lowered. 

A. ReyrolU S Co., Ltd. 
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through plates of insulating 
material. 

The bus-bar chambers are 
generally carried by a number of 
supports and form a fixed 
structure to which the oil circuit 
breakers arc attached. The con- 
nexion between the bus-bars and 
the breakers is by a series of plugs 
and sockets, the plugs being 
mounted on the breaker terminals 
and the sockets at the extremity 
of female recessed insulators, into 
which the breaker terminals are 
inserted and which are either 
mounted directly in the bus-bar 
chambers or in the ends of 
which communicate with these. 

In installations of any size duplicate 
bus- bars arc generally used, so that the 
problem of bus-bar selection must be 
solved. The circuit breakers are almost 
invariably (except in very large E.H.T. 
gear) isolated by being withdrawn from 
their plugged-in position. Where the 
conditions of service allow it the bus-bar 
selection may be carried out in the same 


way, either by having two fittings on each 
terminal on the bus-bar side of the breaker, 
into either of which a plug may be 
screwed, thus making contact with one or 
other of the bus-bar systems (Fig. 23, A), or 
by moving the breaker bodily from one 
set of fixed sockets to the other (Fig. 23, B), 
or, finally, by mounting one terminal of 
the breaker eccentrically and arranging it 
so that it can be turned (Fig. 23, C), and 
so make contact with either bus-bar. 



Fig, 23. Systems of bus>bar selection used in metal clad gear. 
(A) Horizontal draw-out, with screwed-in plugs. (B) Vertical 
draw-out, translation of complete breaker. (C) Vertical draw-out, 
rotation of one circuit breaker terminal. 

spouts 



Any of these somewhat lengthy methods 
of bus-bar selection necessitates the 
interruption of the supply to the circuit 
while the breaker is being changed over 
from one set of bars to the other. If this 
is inadmissible recourse must be had to 
some form of selector switch. This may be 
a simple, oil-immersed isolating switch 
with a wide blade making contact with 
one set of contacts before leaving the other 
(Fig. 24, A). 

If rapid change-over is wanted, and 
particularly if it is desired to effect the 
change-over from the control-room, two 
methods are available. The breakers may 
be provided with three instead of two sets 
of fixed contacts, and two sets of moving 
blades, which can be closed either separ- 
ately or together (Fig. 24, B). Alterna- 
tively, duplicate circuit breakers may be 
used (Fig. 24. C). 

When either of these arrangements are 
used a bus-coupling breaker is no longer 
necessary, as the circuit breakers them- 
selves serve the same purpose. 

Vertical and Horizontal Draw-out. The 
circuit breakers arc disconnected from the 
bus-bars by removing them from their 
plugged-in position. This may be done 
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SWITCHGEAR. Fig. 24. Methods of bus-bar selection allowing 
change-over under load. (A) Separate change-over switch with broad 
blade. (B) Double oil circuit breaker. (C) Duplicate circuit breakers. 


These difficulties can be overcome 
to some extent by using special 
lifting trucks with hydraulic 
operation. 

The horizontal draw-out type 
lends itself to the plug-selecting 
scheme (Fig. 23 A) and to the 
selector-switch method (Fig. 24A). 
If vertical movement is used 
to isolate the breakers, this 
may be either upwards or down- 
wards. The latter is generally 


by moving them either 
vertically, e.g. Fig. 23B 
and Fig, 25, or horizontally. 
Fig. 23A and Fig. 26. For 
the vertical draw-out type 
it may be said that it takes 
up slightly less room than 
the horizontal draw -out 
type, and it lends itself to 
the bus-selecting schemes 
shown in Fig. 23B and C 
and Fig. 24C, which are 
probably the most con- 
venient each of their kind ; 
on the other hand, the 
lifting gear for the breakers 
is somewhat complicated 
and the work involved in 
raising and lowering the 
heavy tanks onerous. 
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Fig. 25. Single bus-bar 11 kV vertical 
draw - out iron -clad compound - filled 
switchboard. The bus-bar chambers are 
at the top behind the Instrument panels. 
The circuit breakers are raised and 
lowered each by three screws driven 
through bevel gears. 
flfnrrnl F.IrtIric Co.. Ltd., of England. 

Fig. 26. Unit of 0 6 kV horizontal draw- 
out switchgear, 100,000 kVA rupturing 
capacity. This unit is used for tapping- 
ofT a ring main. 

GcnrrnI Elrctric Co., Ltd., of England. 

used on commercial equipments 
and voltages up to 33 kV, while 
for higher voltages the breakers 
may be lifted off with a crane. 
In this case the pots contain- 
ing the fixed contacts 
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SWITCHOEAR. Fif. 27. SMtIonal 
elevation of single bus-bar switch pillar 
with plug-in potential transformer and 
additional current transformer chamber. 

J. a. Statler d Co., Ltd. 

their mouths directed upwards, 
and can therefore be filled with 
oil, so that no part of the gear 
under tension is exposed. 

The v^arious makes of iron* 
clad gear differ principally in 
the details of contacts, types of 
insulator, etc., a discussion of 
which would be out of place. 

Outdoor Type Metal-clad 
Gear. For certain medium- 
tension sections of the Grid '' 
outdoor type iron-clad switch- 
gear has been installed. It is 
also used in a number of power 
stations in the United States. 
The 132 kV metal-clad gear 
mentioned above is also in- 
stalled outdoors. As compared 
with open-type outdoor gear 
(see beIoie>) it is somewhat more expensive, 
but requires less space and is less liable to 
malicious damage by stone throwing and 
so on than are exposed porcelain insulators. 
In situations where the atmosphere is very 
dirty, outdoor type iron-clad gear has 
much to recommend it. 

Its design is not much different from 
that of normal iron-clad gear except that 

Fig. 28 (below). 12-kV, 3-pole 300 amp. on-load 
isolators combined with 100 amp. oil-immersed switch 
fuse for protecting a circuit feed off a ring main. 
On left, switch-fuse open for inspection; on right, closed. 

4 ReyrolU d Co., Ltd. 
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SWITCHGEAR. Fig. 29. Section of 
switch house with 1 1 ,(XX)-volt cubicle 
gear in stonework cells. In the lower 
storey are housed the main 
double bus-bars. The feeders 
are supplied from the single 


bus-bars In the upper storey, which 
are supplied from the main bus-bars 
through current-limiting reactances. 

^ (Irnrral Elfctrlc fin , 

Ltd., of Ennland 



slightly greater precautions hav^e to be 
taken against the entry of water into the 
apparatus and to protect the breaker trip 
mechanisms, etc., against corrosion. 

For tapping ring mains iron-clad switch 
fuses are often installed outdoors ; they 
give good results on account of their 
simplicity (Fig. 28 A and B). 

IV. Outdoor Type Switchgear 

The spacing between conductors in air, 
which it is necessary to allow in order to 
prevent danger of flash-overs, increases 
rapidly with the voltage, so that for ten- 
sions of the order of 100 to 200 kV the 
density of the apparatus becomes very 
low and the costs of a building, if such be 
used, extremely high. For this reason 
installations for about 66 kV and above, 
where they are not executed with iron-clad 
gear, are almost invariably installed out- 
doors. In Germany the “ hall " type of 
construction, which may be said to consist 
of outdoor type gear installed indoors, 
has been used up to 100 kV ; but for 


tensions above, this outdoor type gear may 
be said to be universal. In this country 
the 132-kV " Grid " sub-stations are all 
of the outdoor type, and many of the 
lower voltage sub-stations arc outdoor, 
being composed sometimes of open type, 
sometimes of iron-clad gear. Outdoor 
sub-stations arc also used where cheap- 
ness is the first consideration — as, for 
instance, in the case with pole-mounted 
sub-stations for rural electrification. 

Lay-out of Outdoor Switchgear. The 
almost universal method of arranging 
open-air stations is to mount all heavy 
apparatus, such as oil switches, tran.s- 
formers, current and potential trans- 
formers, on wheels or rollers running on 
rails supported by concrete foundations. 
They can thus be moved easily or trans- 
ferred to a special truck for transport 
to the repair shop. This aj^paratus is 
surmounted by a framework of steel or 
reinforced concrete which carries the 
isolating switches and bus-bars and serves 
to support the connexions when necessary. 
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Fig. 30 (lop left). Rear view of c n-clad power station ^ 

and terminals. F,g. 31 (top centijFig 34 Ibottom central Method Tf isolation 

on the •' Grid.” Fig. 32 (top right) icle-type switchboard with separlon ^-phase oil 

board with 400.amp. 33.|,V circ ,].t) 380 220.volt iron-clad uni" t;peTw?tchboard. ' ^ 
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Apparatus for Outdoor Switchgear. In- 
sulators. Switchgear for installation in the 
open air is subject to much more severe 
service than indoor gear. Metal parts are 
more liable to corrosion and the dielectric 
strength of insulators is reduced ' 
by moisture, rain and dirt. Creep- 
age patlis must therefore be longer 
(use of skirts and ribs on porce- 
lains) and all mechanisms much 
better protected from the atmo- 
sphere than is the case with in- 
door gear. 

Support insulators are either of 
the post or pin type or of the sus- 
pension type (see Insulator). For 
bushings some form of compound 
or oil-filled porcelain insulator is 
most commonly used. For higher 
voltages bakelized paper tubes 
protected by porcelain bushings 
are fitted, while for 132 kV and 
above the condenser bushing (q.v.) 
is almost universal. 




SWITCHGEAR. Fig. 36 (top). 33 kV overhead line “ Statter ” automatic air-break circuit breakers. 
Fig. 37 (bottom). The only 132 kV metal-clad outdoor switchgear sub-station in the world, on the C.E.B. South 
Scotland scheme, erected by A. Reyrolle & Co., Ltd. 
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SWITCHGEAR. Fig. 38 (left). 11 kV single- 
break hanging-type pole-operated isolating 
link. Fig. 39 (right). 132 kV double-break 
isolating switch combined with earthing 
switch as used on the “ Grid.” 

General f/rctilc Co.. Ltd , nf England. 



Bus-bars. These may be cither tubes 
supported by post insulators or cables 
(solid, or for extra high tension, tubular) 
supported by strings of suspension insu- 
lators such as are used for overhead lines. 
For voltages of loo kV or more the latter 
is certainly preferable as the quantity of 
porcelain necessary is much less than when 
post insulators are used. 

Isolating Switches. For small installa- 
tions and medium voltages pole-operated 
single-break links are used (Fig. 38). For 
higher voltages it is safer to use gang 
operation by means of rods and levers or 
wires and chains (Fig. 39). Isolating 
links may be arranged either upright, 
hanging or vertically ; occasionally arcing 
horns are fitted so that the isolating 
switches may be used for breaking the 
magnetizing currents of transformers, and 
so on {see Fig. 20). 

Circuit Breakers. For high voltages 
three-phase breakers generally consist of 
three single-phase breakers mounted side 
by side, with common operating gear. 
Access to the interior is in this case by 
means of a manhole, as the oil tanks are 
much too heavy to move about. 

For discussion of the lay-out of outdoor 
switchgear see Sub-station. 

Remote Control and Inter- 
locking 

Remote Control Switchboards. Large 
switchboards are generally remote con- 
trolled either mechanically or electrically. 
Mechanical remote control by means of 
ro^and levers should be adopted wherever 


possible on account of its simplicity and 
reliability. Where this is not possible, 
either on account of the size of the installa- 
tion or ot the individual switches being 
too heavy for hand operation, electrical 
control must be resorted to. 

For .switch operation solenoids find most 
favour in this country, whereas in Ger- 
many motors are generally preferred. 
The solenoid has the advantage of being 
quicker. Pneumatic operation is now 
being introduced particularly for stations 
using the new compressed air switches, 
where a supply of compressed air is in any 
case available. It has, of course, been 
used for many years to operate contactors 
in traction work. A fourth type of remote 
control is by means of a spring, which, 
after being wound up by a comparatively 
small motor, is released, and in expanding 
closes the breaker. Certain of these 
apparatus have very small motors which 
can be fed from potential transformers, 
making an auxiliary supply for operating 
the breakers unnecessary. They cannot, 
however, be operated twice in rapid 
succes.sion, as it takes a certain time to 
wind up the spring. 

Where remote control is used, signal 
lamps or position indicators must be 
provided for all breakers and switches. 
Two lamps are necessary, one for the open 
and one for the closed position, to guard 
against lamp failure. 

Control Boards. Where switchboards 
are remotely controlled it is convenient 
to assemble all the control switches and 
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signalling devices and instruments upon a 
central control board, so that all switching 
operations and the whole working of the 
system can be supervised by one operator. 

Such control boards are generally either 
vertical or in the form of a sloping desk. 
If a desk is used in front of a vertical 
board, as is sometimes the case, a space 
should always be left between the two, 
otherwise access to the apparatus under- 
neath the top of the desk, which is always 
more difficult than with a vertical board, 
becomes almost impossible. 

Mimic Diagram for Control. For simple 
installations the usual red and green 
signal lamps for isolating links and 
breakers may be sufficient. It is, however, 
undoubtedly more convenient to use a 
so-called mimic diagram. The single- 
line circuit diagram of the installation is 
reproduced by means of metallic strips on 
the surface of the control board, the control 
switches for the breakers being mounted 
in the diagram in the position occupied 
by the corresponding breaker The 
control switches may be so constructed as 
to act at the same time as position indica- 
tors; alternatively separate lamps or 
electro-mechanical indicators may be used. 
Another method is to have two diagrams, 
one embodying the control switches and 
the other the indicators. 

A further development is to construct 
the mimic diagram of translucent strips 
which can be illuminated from behind in 
different colours, the colour of 'each 
section of conductor being changed auto- 
matically as the condition of the conductor 
varies. Hius a bus-bar may be red when 
under tension, white when dead and 
green when earthed, and so on. When 
it is desired to perform a switching 
operation which will alter the electrical 
condition of any part of the installation, 
a preliminary movement of the control 
switch causes all the affected parts to 
scintillate or blink so that it is possible to 
tell at a glance what the effect of any 
operation will be. 

Where systems are very complicated 
and switching operations relatively in- 
frequent it may be possible to dispense 
with an automatic mimic diagram, and 
change the position of the indicators by 
hand as switching operations are carried 
out. . 



SWITCHGEAR. Fig. 40. Part of illuminated mimic 
diagram installed in a large transformer station in 
Ludwigshaven. 

Bionu-fSnvrri, Lttl. 

In the United States the so-called 
miniature control board is very popular. 
Especially small and compact instruments 
and control switches, and telephone type 
indicating lamps are used, so that the 
superficies of the control board can be so 
reduced that the operator can reach all 
parts of it without moving from his 
chair. The board may be built in the form 
of a cockpit with the operator in the 
middle, so that he can reach all parts of 
it by simply turning round. 

Control boards should be suitably en- 
closed to exclude dust, and the very 
greatest attention paid to the arrange- 
ment of the fine wiring at the back of the 
board, which may be very complicated {see 
Plate, Fig. 30). A good arrangement for 
very large boards is to have the control room 
in three storeys. The control board proper 
is on the top storey, the relays, meters, etc., 
which do not need to be constantly under 
observation, are on the second, while the 
terminal boxes for the multicore control 
cables arc on the bottom floor. 

Great attention should be paid to the 
numbering and marking of all fine wiring. 
It is essential that each wire and terminal 
should have a distinctive mark, and that 
these marks should be allotted in an 
orderly and systematic fashion. 

Interlocking. In stations where more or 
less unskilled attendants have to operate 
switchgear a certain amount of inter- 
locking is necessary in order to prevent 
mistakes. 

In addition to interlocking the doors 
of the cells of cubicle gear with the 
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isolating links so that the gear must be 
isolated before the doors can be opened, 
it is common to interlock the isolating 
links with the breaker so that these 
cannot be opened or closed unless the 
breaker is open. 

Again, if duplicate bus-bars are installed 
and it is desired to prevent paralleling 
of the bars by the isolating links, these 
must be interlocked one against the other 
so that only one set can be closed at once. 

Such interlocks are best when they are 
mechanical. It is, however, usual with 
remote control of the breakers to double 
the mechanical interlocking with an 
electrical interlock, so that it is, for 
instance, impossible to attempt to close a 
breaker that is locked out. 

Electrical interlocking is, of course, best 
where elaborate schemes have to be 
carried out. In a number of stations 
erected on the Continent every breaker 
and switch is interlocked with the rest 
so that it is impossible to make any 
mistake in switching. Such elaboration 
is not much favoured in this country, 
where simplicity is the most prized virtue 
in any installation. 

A simple and very useful form of inter- 
lock can be arranged with a series of keys. 
Suppose, for instance, an isolator is in 
series with a breaker. The isolator can 
only be released by means of a key, which, 
however, is held by the breaker mechanism 
unless the breaker is open. In a similar 
way the breaker cannot be closed unless 
the key is inserted in its mechanism. A 
complete interlock is thus obtained. This 
system, which is extended to very com- 
plicated arrangements of interlocking, is 
much used for “ Grid '' sub-stations. 

SWITCH PLATE. See Flush Fittings. 

SYMBOLS. The abbreviated repre- 
sentation by means of simple pictorial 
objects, characters, letters, or other marks 
of any idea, or operation, or quantity in 
mathematics, chemistry, and other 
sciences. The electrician is chiefly con- 
cerned with symbols as used in circuit 
diagrams (q.v.). In addition, the following 
symbols as set forth by the International 
Electrotechnical Commission are exten- 
sively employed : 

Length / Flux density. 

Work A electrostatic . . D 

Energy . . . . ». W Capacity . . . . C 


Power 

P 

Dielectric constant e 

Efficiency 

V 

Self inductance 

. . L 

Temperature (Cent.) 

t 

Mutual inductance M 

Temperature (Abs.) 

T 

Reactance . . 

. X 

Period 

T 

Impedance . . 

. z 

Frequency 

f 

Reluctance . . 

. 5 

Phase displacement 

0 

Magnetic flux 

. 0 

Electro-motive force 

E 

Flux density, 


Current 

I 

magnetic . . 

. B 

Resistance 

H 

Magnetic field 

. H 

Resistivity . . 

P 

Intensity of 


Conductance 

G 

magnetization 

j 

Quantity of 


Permeability 


electricity . . 

Q 

Susceptibility 

K 

Ampere 

A 

Volt-coulomb 

. VC 

Volt 

V 

Watt-hour . . 

Wh 

Ohm . . . . or n 

Volt-ampere 

.VA 

Coulomb 

C 

Ampere-hour 

. Ah 

Joule 

j 

Milliampere . . 

. mA 

Watt 

w 

Kilowatt 

.kW 

Farad 

F 

Kilovolt-ampere 

kVA 

Henry 

H 

Kilowatt-hour 

kWh 


m IS used for milli, fi for micro or micr, k for 
kilo, M for mega or meg, and mic for microhenry. 

See fl/so Abbreviations; Circuit Diagrams. 

SYMMETRICAL VOLTAGE. A system 
of three-phase voltages which satisfies 
certain conditions of balancing. In a 
three- wire system the voltages are sym- 
metrical when each of the values between 
lines is the same. Since the vectors of 
these voltages form a closed triangle, 
their phase differences are alike and equal 
120®. With a four-wire system the line- 
to-ncutral voltages are symmetrical if 
their values are equal and their phase 
differences 120®. For certain approximate 
methods of three-phase four-wire metering 
the instantaneous sum of the three line-to- 
neiitral voltages must always be zero. The 
voltages need not be symmetrical, provided 
the vectors of the line-to-neutral voltages 
form a clo.sed triangle. 

SYNCHRONIZER. An aj^paratus by 
means of which an indication is given of 
the occurrence of coincidence in phase 
and direction between alternating voltage 
waves derived from two sources. An auto- 
matic synchronizer actually closes main 
switchs when synchroni.sm is attained. 

As a rule a synchronizer is used for the 
purpose of paralleling an additional alter- 
nator with one or more already in service. 
It is also employed for .synchronizing 
groups of alternators running on separate 
bus-bars and for synchronizing inde- 
pendent supply systems. The modern 
form of synchronizer is the synchroscope 
(q.v.). The principles involved and earlier 
forms of synchronizing gear are explained 
under the heading Synchronizing. 
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SYNCHRONIZING OR PARALLELING ALTERNATORS 

By Arthur Arnold, A.M.LE.E., A.M.LMech.E. 

Here the principles involved in switching in two alternators are discussed and 
the methods and gear used to ensure that phase and polarity are exactly coin- 
cident are given. The most modern form of instrument, the synchroscope, is* 
described in the article by the same author that appears in page 1233. See 
Alternator ; Paralleling. 


The process of ascertaining that two 
sets of alternating voltage waves are 
coincident in phase and direction, and of 
connecting them together without causing 
a disturbance in either. In practice, 
synchronizing is the process of paralleling 
alternators. 

An elementary consideration of parallel- 
ing batteries is instructive. There exists, 
between the two terminals of battery A 
(Fig. i), a steady D.C. voltage, such that 
one terminal is at a certain jxjtential 
above that of the other. If now a second 
l)attery, B, be connected with one of its 
terminals to the terminal of A at the lower 



AS AS 

Correct: Incorrect 

SYNCHRONIZING. Fig. 1. Arrangement for parallel- 
ing batteries. 

potential, the result of coupling together 
the other two terminals will depend upon 

(1) the polarity of the second battery, and 

(2) the values of the battery voltages. If 
the second terminal of B is also at a 
higiier potential than the terminal already 
connected to A, the voltage of B will resist 
any tendency for A to send a reverse 
current through B ; and if the two 
voltages be precisely similar, the second 
terminals can be coupled together [ix. the 
batteries can be paralleled) without any 
interchange of current. 

If, however, the second terminal of B 
be at a lower potential than that already 
connected to A [i.e. if its polarity be re- 
versed in respect to A), then, if the circuit 
be closed, both batteries will be in series, 
and each will assist the other to send cur- 
rent around the circuit. The condition 
would thus be equivalent to a dead short 
circuit and the only limitation to the 


current flow would be the internal resist- 
ance of the two batteries, assuming that 
the connecting wires were of negligible 
resistance. If such a mistake were made 
the wires would either burn out or the 
batteries be permanently damaged. Simi- 
larly, if alternators be coupled together 
incorrectly the results might be equall}' 
disastrous. 

Paralleling Alternators. An alternator 
produces a voltage which is continually 
changing its polarity, usually 100 times per 
second. To connect alternators in parallel, 
we must therefore arrange that the second 
one also changes its polarity at the same 
rate, and the connexion must be made at 
an instant when the incoming voltage is 
in the same direction, so that the first 
machine will be unable to send a reverse 
current. The peak voltage in a positive 
direction of alternator A must coincide 
exactly with the p)eak voltage in a positive 
direction of alternator B, in point of time 
as well as in magnitude. It is this neces- 
sity for coincidence in time that is the 
difference between paralleling D.C. genera- 
tors (or batteries) and synchronizing 
alternators. 

Use of Lamps. At first sight it would 
appear that nothing less than an oscillo- 
graph (q.v.) would enable the correct 
instant for synchronizing to be observed. 



Figs. 2 and 3. Lay-out for synchronizing with lamps 
dark and for using lamps bright for the same purpose 
— single-phase, low voltage. 
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SYNCHRONIZING. Fig. 4. Lay-out for plug selection of synchronizing 
lamps — single-phase, low voltage. 


A steady condition being 
obtained, it is possible to 
estimate closely the middle of 
a period of extinction of the 
lamps, and it is then that the 
paralleling switch should be 
smartly closed. At that in- 
stant we know that there are 
quite a number of cycles dur- 
ing which the two voltages 
are very closely coincident in 
phase, and therefore they may 
be paralleled. C'oincidcnce in 
R.M.S. voltage magnitude 
can be observed by ordinary 


There are, however, much simpler methods. 
For instance, if the terminals of two alter- 
nators be coupled together through a high 
resistance, the current in the resistance 
will vary as the difference in their voltages, 
and when the voltages coincide exactly in 
both magnitude and time {i.e. they are 

in phase ") the current will be zero. This 
is the principle involved in synchronizing 
with lamps. 

Assuming that an incoming alternator 
is running at normal speed and duly 
excited, its frequency will approximate 
with that of the bus-bars or of the running 
alternator. If it is running a little too 
fast, each cycle will occupy a fraction 
shorter time than a cycle of the running 
machine's voltage curve. At some period 
there will occur an instant in which both 
voltages pass through zero simultaneously 
and build up in the same direction. The 
difference in the two voltages during that 
cycle (a fiftieth of a second) will be very 
small indeed. 

In the next cycle the difference will be 
appreciably greater, and so on until, 
perhaps 50 or 100 cycles later, the zeros 
will again coincide, but this time the volt- 
ages will build up in opposite directions. 
Their difference will then be a maximum, 
and it will thereafter gradually decrease 
again. Thus there is a “ beat ” effect, 
which, by slight adjustment of the speed of 
the incoming machine, can be lengthened 
or shortened at will. If the high resistance 
coupling the two voltages takes the form 
of lamps there will thus be a gradual 
lighting up and going out, at a speed that 
the eye can readily follow. Fine adjust- 
ment of the speed will bring the beats 
down to one every two seconds or slower. 


voltmeters. 

Having paralleled the alternators, if one 
tends to run faster than the other the slight 
difference in phase will cause current to 
flow between the alternators * in such a 
direction as to correct the tendency, and 
the machines should be quite stable, de- 
pendent only upon the performance of 
their engine governors. 


Synchronizing with Transformers. Tliere 
is a dislike of synchronizing with dark 
lamps, in case one of them should break 
down and give a false indication, and also 
considerable judgement is required to deter- 
mine the middle 


Tft 






Fig. 5. 


of the dark 
period. Conse- 
quently, with 
lo w-vol t age 
single-phase 
j alternators, the 
lamps may be 

Method of couplcd across 

connecting syn- * . 

V Chronizinl lamps opposite sides 

^ JolfiLe® of the parallel- 

speeds — three-phase, low voltage. _ r 

mg switch, SO 
that the ** in-phase” condition is indicated 
by the lamps being at full brilliancy. 
Moreover, most alternators are high-voltage 
machines, and quite a number of lamps 
would be required in series. The usual 
potential transformers (q.v.) can be used, 
and are so employed with the instruments 
that have been more recently developed to 
indicate synchronism, as described under 
Synchroscope. 

An intermediate expedient, still infre- 
quently used, is a separate synchronizing 
transformer, with windings on separate 
limbs fed from the bus-bars and the in- 
coming machine respectively ; a third 
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winding supplies a lamp and/or a dead- 
beat voltmeter. According to whether 
the main windings are of the same polarity 
or in opposition the flux is non-existent 
or a maximum when the two voltages arc in 
phase, and thus either dark or bright lamp 
synchronizing can be arranged. If a volt- 
meter is used, and it is desired to synchro- 
nize with full deflection, the polarity of the 
two windings must be additive. 

The drawback of this device, as operated 
in the past, was the necessity for selective 
high-tension switching for the connexion 
of the transformer on to the incoming 
machine. The same idea can be used with 
low secondary voltages derived from 
potential transformers, but when these 
are available, as is now normal practice, 
it is better to use a rotary or similar 
synchroscope. 

Indications for the synchronizing of 
polyphase alternators are obtained only 
on one phase, the others being necessarily 
in correct relation thereto by the con- 
struction of the machines. It is possible 
with three-phase (not single-phase) alter- 
nators to connect synchronizing lamps in 
such a way that they light up in sequence 
and so indicate whether the incoming 
machine is running fast or slow. As 
shown in Fig. 5, lamp A is connected as for 
ordinary dark synchronizing, while B 
and C are reversed. When the speed is 
low B lights up when A is dim, then A 
lights fuUy while B goes out, and C follows 


- in sequence, so that the light appears to 
travel clockwise. With higher speed the 
rotation is reversed. Synchronization is 
indicated by A dark, and B and C dim. 
Use of Instruments. Since most alter- 
^ nators are three-phase high-voltage 
2 machines, practical synchronizing is chiefly 
done with instruments connected to the 
standard no volts on the secondaries of 
potential transformers. The three-phase 
rotating light device would necessitate 
three transformers for each machine, 
whereas only one is usual and suffices for 
the ordinary synchroscope, which gives 
the same indication of relative speed. 
Four-pin plug switches are commonly 
used for selecting purposes on the second- 
ary sides of the potential transformers, 
and the latter may also be used for the 
voltmeters and other equipment within 
their capacity. 

Automatic Synchronizing. Automatic 
synchronizing is quite possible, but not 
yet common except in the case of rotary 
converters and similar plant. These, how- 
ever, are frequently connected to the 
supply while they are out of phase, with 
some form of inherent or external react- 
ance in series to limit the current. They pull 
in to synchronism without being actually 
switched in at the correct moment as is 
generally implied by the term synchroniz- 
ing. Firms such as Brown-Boveri Co., 
Ltd., and A. Reyrolle & Co., Ltd., have, 
however, developed appliances for syn- 
chronizing by automatically operating 
switches as would be done manuadly, and 
these may become more common in the 
future. The equipment of the first- 
mentioned firm is similar in general con- 
struction to its well-known automatic 
voltage regulator ; while that of the second 
firm relies entirely upon relays, actuated 
or locked out by the resultant voltages 
between the machines as the phases 
change. 

SYNCHRONOUS CONDENSER. To 

overcome the ill effects of lagging currents, 
attention has been given to methods of 
introducing into the distribution system 
itself leading currents which, when com- 
bined with the lagging currents, shall 
bring the power factor of the whole to 
unity value. 

For this purpose well-loaded synchro- 
nous A.C. motors are frequently used and 
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are also known as phase advancers {q.v.). 
Such a motor is necessarily separately 
excited, and the phase-angle of the current 
it takes depends upon the excitation. At 
normal excitation the phase-angle should 
be zero and the power factor of the 
machine unity. If under-excited the 
motor takes lagging currents and if over- 
excited leading currents. The most 
economical effect is produced when the 
motor can be well loaded mechanically, 
this marking an important advantage 
over the use of static condensers. The 
motor, if it is to give large out-of-phase 
currents, must be larger than if it is to 
run at unity power factor, but a large 
motor can be designed to give a leading 
wattless current 6o per cent, of its kVA 
rating at an increase of less than lo per 
cent, in its cost. Such a current corre- 
sponds to a leading power factor of o*8. 
The subject is further considered under 
the heading Condenser and Synchronous 
Machine. See also Phase Modifier. 

SYNCHRONOUS CONVERTER. An 

electro-magnetic machine for converting 
alternating current of a given frequency 
to direct current or direct current to 
alternating current. 

There are two main types of .syn- 
chronous converter, the rotary converter 
and the motor converter, which are fully 
described under the heading Converter. 

There used to be no other methods of 
converting from A.C. to D.C., but in recent 
years mercury arc rectifiers {q.v.) and 
other types of vapour and gasfilled valves 
have been u.sed for the same purpose. 
See Rectifier. 

SYNCHRONOUS MACHINE. An alter- 
nating current generator or motor that 
runs at a speed exactly proportional to 
the frequency of the s^^stem to which it is 
connected. Alternating current machines 
are either synchronous or asynchronous 
(see Asynchronous Machine). 

A synchronous generator is usually 
called an alternator, and the method of 
operation is described in detail under the 
heading Alternator. An alternator in its 
simplest form consists of a coil which is 
brought alternately under the influence 
of the north and south poles of a magnet. 
Usually the coil is stationary and the 
magnet is mounted on a moving wheel or 


rotor. If there is one pair of poles, north 
and south, on the rotor the voltage 
induced in the stationary coil passes 
through one complete cycle for each 
revolution of the rotor. The number of 
cycles per second or frequency is therefore 
equal to the number of revolutions of the 
rotor per second. If there are two pairs 
of poles the number of cycles per second is 
doubled. For N pairs of poles the fre- 
quency is N times the revolutions per 
second. 

The speed of machines is usually ex- 
pressed in revolutions per minute, and the 
frequency in cycles per second for N pairs 
of poles is N times the revolutions per 
minute divided by bo. For a frequency of 
50 cycles a two-pole machine must run at 
50 revolutions per second or 3,000 revo- 
lutions per minute. For N pairs of poles 
the speed will be 3,000 divided by N. 

Alternators are usually driven by steam 
turbines which operate most efficiently at 
high speeds. Two- or four-p)ole machines 
are therefore used having speeds of 3,000 
and 1,500 r.p.m. respectively. Before the 
development of steam turbines .slow 
moving reciprocating steam or gas engines 
were used having about one-tenth the 
above speeds and machines having 20 or 
40 poles were quite common. Such 
machines are not often encountered in 
modern practice. 

Alternators are almost invariably pro- 
vided with three sets of coils on the stator 
connected so as to give a three-phase 
supply. The current in the windings 
produces a magnetic field which rotates 
at the same speed as the rotor. The rotor 
is therefore provided with a heavy winding 
through which direct current is circulated 
to counteract the magnetic field produced 
by the stator coils. At low lagging power 
factors the stator field is almost in direct 
opposition to the rotor field and the 
current supplied to the rotor windings 
has therefore to be increased (see Field 
Regulator). If a leading current is supplied 
by the alternator the field current has to 
be correspondingly decreased. 

If a synchronous machine has its ter- 
minals short-circuited a current of ten 
to twenty times the maximum output of 
the machine flows for a few cycles and 
subsides in about J second to two or 
three times the maximum output as the 


1232 



SYNCHROSCOPE 



SYNCHRONOUS MACHINE. An 800-h.p. induction motor driving flour 
return of a large mill through belt and shafting. 

G i: C , Ltd , of England. 


magnetization of the rotor 
is counteracted by the 
heavy wattless current in 
the stator (see Short Cir- 
cuit) . The switchgear con- 
nected to alternators of 
large maximum output 
has therefore to be able 
to control very heavy 
currents. 

Synchronous Motors. 

The.se are constructed like 
alternators. They usually 
run at a speed of about 
750 r.p.m. I'he number 
of pairs of poles for tliis 
, . 3000 

speed IS = 4 pairs. 

The rotors are usually of 
the salient pole type (see Field Magnet). 
To put a synchronous motor on load it 
has first to be run up to .speed either by 
means of a separate motor of the induction 
type or by means of .special windings 
which enable it to behave as an induction 
motor (q.v.) itself during starting. The 
field excitation is adjusted to give the 
correct voltage and the speed of the 
machine and the pliase of the voltage are 
checked by means of a .synchroscope (<7.7'.). 
The process of synchronizing is exactly 
similar to that of synchronizing an 
alternator. 

If the excitation is adjusted so as to 
give exactly tlie correct voltage before 
switching in, the motor will take a current 
after switching in of just sufficient value 
to keep it rotating. If the excitation is 
then increa.sed a demagnetizing or leading 
current will flow in from the supply 
system. This has the effect of improving 
the power factor. Synchronous motors 
are frequently used for the .sole purpose 
of power factor improvement. When 
used for this purpose they are termed 
synchronous condensers (q. 7 ).). 

They can also be used for the combined 
purposes of power factor improvement 
and mechanical drive. The machines u.sed 
for this purpose resemble wound rotor 
induction motors (see Induction Motors). 
They are run up to speed as induction 
motors and a supply of direct current is 
then switched on to the rotor windings. 
The rotor then runs at synchronous speed 
and by increasing the amount of direct 


current supplied the motor can be made 
to take leading current. Motors of this 
type are used for heavy drives. They are 
not suitable for light drives because they 
require an exciter and special starting 
arrangements. It is not possible to con- 
trol the speed of synchronous motors. 
Their use is therefore restricted to con- 
stant speed dri\'es such as for line shafting 
in factories or for large fans and pumps 
running against a fairly constant head of 
air or water. It is not usual to use 
synchronous motors for light drives except 
where synchronism is essential, as in the 
case of electric clock motors (see Clock, 
Electric). See also Scherbius Machine. 

SYNCHROSCOPE. An instrument, the 
pointer of which indicates the difference 
or coincidence of phase between two A.C. 
voltages, and also the approximate rate 
of approach to or departure from the 
coincident state ; used to enable alter- 
nators or A.C. systems to be connected in 
parallel without disturbances. 

Synchroscopes usually have a pointer 
movable through 360° over a scale blank 
except for a mark in the top vertical 
position, indicating synchronism. Some 
have a double-ended pointer indicating 
synchronism in the vertical position. 

Electrically, the movement is a special 
form of phase meter, similar to a power 
factor meter. There are two elements, 
one or both stationary according to 
the design, fed from the two voltages, 
the phase relation of which is required to 
be shown. The elements are arranged so 
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that when there is no phase difference 

between the magnetic fields produced by 

them the pointer is upright. Any steady 

difference i n 

phase causes 

the pointer to VfnT 

take up a dif- — a 

ferent position, A 

and a progres- ||||||j ^ Li 

sive alteration | 

in the phase || ^ I ^ 

relation causes I | ^ I 

rotation in one | I 

direction or the | I 

other, depend- p|| 

ing upon ^ 

whether the in- ^ 

coming supply \g L/ L Ic 

is gaining or 

I ^ . SYNCHROSCOPE. Fig. 1. Dia- 

lOSing time in gram of connexions of Nalder 

relation to the instrument, 

other. The interval between two con- 


secutive “in phase” conditions corre- 
sponds to one complete revolution of the 
pointer, which thus shows the state of 
affairs much more precisely than ordinary 
synchronizing lamps (see Synchronizing). 


Inductor Types. In the N.C.S. (Nalder 
Bros. & Thompson, Ltd.) synchroscope 
stationary field coils are coupled across 
the bus-bar or other reference voltage. 


Everett, Edgcumbe & Co., Ltd., employ 
a three-phase inductor, the separate irons 
being arranged between duplicate sta- 
tionary coils, one each in series with a 
condenser, resistance and inductance. A 
pair of stationary field coils connected to 
the bus-bar supply acts as the reference, 
to which the fluxes produced on the in- , 
doctors react so that the steady in-phase 
condition gives a stationary vertical 
position of the pointer, any steady con- 
dition of out-of-phase relationship gives a 
corresponding deflection, and a continuous 
variation of the two fluxes gives rotation. 

Dynamometer Type. A different prin- 
ciple is employed in the Weston synchro- 
scope, which is an instrument of the 
dynamometer type (q.v.). Stationary field 
coils (split into two) are coupled to the 
bus-bar suppl}^ while a movable light coil 
is connected through slip-rings to the in- 
coming supply. Wlien the two fluxes 
coincide in phase there is no torque and 
the pointer is gravity controlled to take 
up a vertical position. Any departure" 
from phase coincidence causes the moving 
coil to rotate correspondingly and thus to 
deflect the pointer. The pointer is also 
vertical for the i8o° out-of-phase condi- 
tion, and hence a further device is neces- 
.sary to eliminate any misunderstanding. 


The moving system comprises four shaped 
pieces of iron arranged on a shaft so as to 
be magnetized by two stationary coils, 
which latter are fed in 
series respectively with a 
resistance and induct- 
ance, so producing out- 
of-phase fluxes. An eddy 
current brake i 

disc is also 

mounted on 19 xOx 

the shaft. By |l 

proj^r posi- Iffl 

tioning of the ||| 

iron inductors | 
a steady rota- *3 


This is achieved by mounting the pointer 
behind an opalescent glass and by the 
provision of a bright synchronizing lamp 



tion is secured 
and the in- 
phase relation 
is definitely 
shown by the 
vertical posi- 
tion of the 
pointer on the 
shaft. 



Fig. 2a (left). Arrangement of Everett Edgcumbe 
synchroscope. Fig. 2b (above). Two generators con- 
nected up with voltage transformers for use with this 
instrument. 

Coui test/ Everett, Kdgeumhe in Co., Ltd. 

to throw the shadow of the pointer on the 
glass. When, therefore, the incoming 
supply is steadily gaining or losing com- 
pared with the bus-bar supply, the pointer 
moves from side to side but is only 
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Pointer 



SYNC HROSCOPE. 
Fig. 3a (left). Con- 
nexions of the 
Weston instrument 


Fig. 3b (above). 
Dismantled view of 
the instrument. 
Courletu Wevton Elec- 
trical Instrument Co , 
Ltd. 


as distinct from one derived 
from natural sources. 

Synthetic resins were 
first prepared commercially 
by Dr. Baekeland by the 
reaction of phenol (of 

which commercial carbolic 
acid is an impure form) 
and formaldehyde (of 
which formalin is a 30-40 
per cent, solution) in the 
presence of a condensing 
agent. Resins prepared by 
this and similar processes, 
and the analogous resins 
prepared from the three 
isomers of cresol (0, m, and 
p), either alone or in com- 
bination, are known as 

phenol - formaldehyde 
resins, or Bakelite resins, 
j These still form the most 

important group of syn- 
thetic resins used in the electrical and allied 
industries. 

By varying the raw materials employed 

and their proportions, the condensing 

agent, which may be either acid (e.g, sul- 
phuric acid) or basic (e.g. ammonia), and 
the temperatures and pressures employed 
during manufacture, resins with different 
properties and suitable for different pur- 
poses may be produced. 


illuminated when passing in one direction, 
i.e, when the two supplies are properly in 
phase. The pointer thus appears to be 
rotating, whereas it is really only oscil- 
lating. 

All synchroscopes can be fitted with 
additional red and green signal lamps to 
indicate at a distance whether the in- 
coming set is running fast or slow. All, 
moreover, are designed for relatively 
short-period use and will overheat if left 
on circuit indefinitely. For this reason, 
and in order to permit one equipment to 
serve for a number of alternators, they 
are invariably connected up through plugs 
and sockets. In important plants, dupli- 
cate synchroscopes are provided, and in 
eveiy case there should be some alter- 
native equipment, although these instru- 


One property possessed by some, though 
not all, synthetic resins, and one not 
shared by natural resins, is that of thermo- 
hardening, or thermo-setting. But for this 
property it is extremely unlikely that the 
synthetic resin industry would hold its 
present important position. 

Thermo-hardening. Bakelite resins may 
exist in any one of three forms, known as 
the A, B, and C stage respectively. In the A 
stage, they are either viscous liquids 
or solid resins soluble in certain organic 
solvents, such as methylated spirit. In 
this stage they may be used in the manu- 
facture of spirit varnishes, bonds and 
cements (e.g. the cement used for bonding 
the cap and bulb of electric lamps), and 
for the preparation of moulding powders, 
in combination with suitable fillers. 


ments are very reliable. See Synchronizing. When heated above a certain minimum 
SYNTHETIC RESIN. A group name temperature for a time that depends on 
applied to ^y resinous substance pre- the resin and the actual curing tempera- 
pared artificially by a chemical process ture, it passes into the B stage, when it is 
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no longer soluble, but is still fusible. On 
further heating it passes into the final, 
or C, stage, when it is no longer fusible or 
soluble. This property is the basis of the 
bakelite moulding industry Bakclite ; 
Plastics), and is also utilized in the pro- 
duction of laminated insulated panels, 
cylinders, and tubes and similar opera- 
tions. 

Phenol-formaldehyde resins arc not 
soluble in drying oils (linseed, tung oil, 
etc.), but only in spirits. As explained 
elsewhere, spirit varnishes give rise to 
brittle films and should not be used for 
impregnating windings that are likely to 
be subjected to wide variations of tem- 
perature. 

Oil soluble resins may be obtained by 
fusing phenol-formaldehyde resins with 
natural resins. An important class of these 
modified synthetics are marketed under the 
trade name of “ Albertols ; some of these 
are suitable for the production of im- 
pregnating varnishes, whereas others arc 
suitable for the production of enamels 
and stoving lacquers for finishing elec- 
trical products and machinery. 

Urea- and thio-urea formaldehyde 
resins form a closely similar group, of 
which “ Beatl-warc" is a commercial ap- 
plication. 

Glyptals form another class of synthe- 
tic resin, more recent in development, but 
rapidly becoming of importance. The 
original glyptals were produced by the 
reaction ol phthallic anhydride on 
glycerin. Glyptals are thermo-hardening, 
but their curing time is much longei 
than that of the phenol-formaldehyde 
resins, hence they have not found the 
same application in the production of 
moulded articles, though there are in- 
dications that before long the curing time 
may be substantially reduced. At present 
glyptals find their chief use in the manu- 
facture of quick-drying high-gloss paints 
and enamels, which are petrol and oil-proof, 
and in the production of stoving lacquers. 
As these latter are capable of withstanding 
high temperatures they are suitable for 
finishing heating apparatus, including 
cookers, where they may in time replace 
vitreous enamel. 

Cumarone rosins formed by the action 
of sulphuric acid on rectified wood naphtha 
also find important applications in the 


preparation of quick-drying paints and 
enamels. 

Other types of synthetic resins are pro- 
duced besides the above (e.g. vinyl, furfurdf 
and other aldehyde resins), but at present 
are not of sufficient interest to the elec- 
trical industry to include here. 

T achometric electrometer. 

A form of electrometer (q.v.) for the 
measurement of extremely small 
currents. The needle is kept at a fixed 
reading by means of a contact mechanism 
driven by a variable speed motor, which 
periodically charges the vanes from a small 
condenser and thereby compensates for the 
loss in charge. Observation of the speed 
of the motor affords indication of the 
current quantities. 

T AERIAL. An aerial whose down 
lead joins at the centre of the horizontal 
span, or at any other point thereon except 
at the end, when the aerial would be 
an inverted L aerial. 7'he last men- 
tioned type is the best, because if the 
down lead is not central, out-of -balance 
effects may be set up owing to the aerial 
responding to two different natural 
frequencies corresponding to the longer 
and shorter sf)an lengths. These T aerials 
are used in all modern broadcasting 
stations l)ecause they provide the lowest 
directional effects of any aerial system. 
See Aerial ; L Type Aerial. 

TALKING FILM. .SVe Sound Film Plant. 

TANGENT. The ratio of the perpen- 
dicular to the base in a right-angled 
triangle is known as the tangent of the 
angle between the base and the hypoten- 
use. The slope of a curve is always 
represented by the ratio of the ordinate 
to the abscissa at the point considered 
which is the tangent of the angle made 
by the curve to the horizontal at that 
point. See Cosine ; Sine, etc. 

TANGENT GALVANOMETER. Variety 
of galvanometer. It is so called because 
the strength of the current passed 
through its coil is proportional to the 
tangent of the angle of deflection of the 
magnetic needle in the centre of the 
coil. The scale of the tangent galvano- 
meter is therefore a tangent scale. 

Essentially the tangent galvanometer 
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consists of a circular coil of a few turns 
of insulated wire with a small magnetic 
needle suspended at the centre. A light 
aluminium pointer is attached to the 
needle and enables the deflection to be 
read on a horizontal scale graduated in 
degrees. The needle is small enough to 
justify the assumption that the magnetic 
field due to the current in the coil is 
uniform throughout the space occupied by 
the needle and equal to the held at the 
centre of the coil. 

The coil is set in the magnetic meridian 
so that the needle and the coil are in the 
same plane. The current is then passed 
through the coil, and the angle of deflection 
read off from the scale. If the angle of 
deflection is 0, and I the current in 
absolute units, then I = io K tan amperes, 
where K is a constant known as the 
reduction factor of the galvanometer. See 
Galvanometer. 

TANGENT SCALE. Since the current 
in a tangent galvanometer is proportional 
to the tangent of the angle of deflection, 
the circular scale over which the pointer 
moves must be also graduated to read 
directly according to the tangent of the 
angle of deflection, and the instrument is 
then said to have a tangent scale. 

TANNERIES, ELECTRICITY IN. Elec- 
tricity is used in tanneries and leather- 
dressing establishments for driving a large 
number of machines which, though taking 
little power individually, may re(]uire 
anything up to i.ooo h.p. in the aggregate, 
and for lighting purposes, “ daylight 
lamps or luminous tubing being required 
for grading the skins. 

Electric motors can drive licjuor produc- 
tion and handling ])lant {e.g. crushing 
mills, breakers, grinders, presses, con- 
veyers and pumps), skin pircparing and 
tanning plant {e.g. ])ainting machines, 
paddles, fleshers, washers, revolving drums 
or tumblers for tanning, dyeing, elc., and 
drying fans), finishing plant (e.g. glaz- 
ing, staking, setting, seasoning, shaving 
machines, etc., and air compressors for 
spray guns), measuring machines, and 
de-greasing plant. These are usually driven 
in groups from slip-ring motors , ample 
power should be provided to allow for the 
intermittent loads on the drums. The cor- 
rosive vapours and gases in the wet depart- 


ments make the use of totally enclosed or 
frame-cooled motors desirable, and the 
windings should be treated with an acid- 
resisting compound ; the motors are often 
mounted a foot or two above the ground 
level to prevent the possibility of flooding 
by overflows of liquor. 

Wiring should be carried out with tough- 
rubber-sheathed cable mounted on cleats 
and all fittings should be watertight and 
have their casings efficiently earthed. 


Power Required for Driving Typical 
Tannery Machinery 


Description 

Size of motor 
hp. 

Bark mills 


Bark grinders 

6- TO 

Crushers 

1-3 

Presses 

1-3 

Fleshing machines . . 

8 

Washers 

I 

Paddles 

2 

Revolving drums . . 

4-6 

Measuring machines 

i 

Finishing machines 

1-5 

Air compressors for spray 


guns 

I 

Shaving and scouring 


machines 

2-3 


TANTALUM LAMP. Formerly em- 
ployed in place of the carbon filament lamp 
on account of its lower specific consump- 
tion but now entirely superseded by the 
tungsten lamp. See Filament ; Lamp ; 
Metal Filament Lamp. 

TAP-CHANGER. A switch or con- 
tactor for changing over to different tap- 
pings on a transformer or auto-transformer. 
See Transformer. 

TAP-CHANGING TRANSFORMER. See 

Transformer. 

TAPPINGS. C onnexions to some source 
of E.M.F. whereby a portion is by-passed 
or utilized. In the case of a transformer, 
for example, different voltages may be 
obtained by connexions to intermediate 
points in the primary or secondary wind- 
ing. Similarly tappings from armature 
windings to slip-rings afford means of 
varying rotor resistance for speed control 
or other purposes. See Transformer. 

TARIFF. The maimer in which the 
consumer makes his demand upon the 
supply station has an important effect upon 
the cost at which electrical energy may be 
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produced. The cost of production is made 
up of two main charges — capital charge 
and running costs — and a consumer who 
demands a small current continuously over 
a comparatively long period will evidently 
necessitate less capital expenditure on 
plant at the station than one who, taking 
the same total in the same time, demands 
a large current for a short time. 

The ways in which the charges to 
different classes of demand are adjusted 
vary greatly in different localities and 
under the direction of different chief 
engineers. Thus the flat rate tariff, in 
which a price is charged according to a 
single condition, such as the number of 
units metered or the maximum demand, 
and which constitutes the simplest econo- 
mical scheme in paying a fixed price for a 
fixed supply, is usually displaced by the 


more favourable two-part or two-rate 
tariffs. In the former scheme of charging, 
concessions are made to the large consumer, 
by having a fixed charge based on a char- 
acteristic of the service {e.g. the maximum 
demand, or rateable value), with an addi- 
tional but considerably reduced charge for 
each unit consumed. 

In the two-rate tariff a discrimination is 
made in the tariff rate for two periods of 
the day, to encourage the consumer to 
adopt certain hours of the day when light 
load occurs for such purposes as water 
heating, etc., and thereby improving the 
diversity factor of the load on the power 
station. Similarly a seasonal rate tariff 
affords discrimination in the tariff rate 
for different seasons of the year. See also 
Contract Rate ; Flat-Rate ; Maximum 
Demand; Two-part Tariff, etc. 


TECHNICAL TRAINING FOR ELECTRICAL ENGINEERS 

By Philip Kemp, M.Sc., A.I.Mech.E. 

Head of the Polytechnic School of Engineering* 

This short resume of the two main types of training courses outlines the prin- 
ciples of training of students in electrical engineering by full-time University 
and College three-year courses, and by the five-year courses in evening study. 

Consult also the introductory essay in this volume by the same author. See 
Institution of Electrical Engineers ; National Certificates and Diplomas. 


The technical training of a young man 
preparing for the engineering profession 
should not be conceived on narrow 
specialist lines, but should rather embody 
a broad course of study of scientific and 
engineering principles. Specialization 
should be deferred until after these 
general principles have been mastered. 
The whole subject is continually growing 
in ever- widening directions, and it is an 
impossible task, even for the best of stu- 
dents, to acquire a full knowledge of all 
branches of engineering practice. If he 
intends to become a technically trained 
electrical engineer, he should endeavour 
to gain some knowledge of the general 
principles of physics and chemistry, 
together with the all-important subject 
of mathematics. Linked up with these 
are mechanics and engineering machine 
drawing. 

It is highly desirable that a preliminary 
knowledge of some or all of these subjects 
should be gained at school, before entering 
on his engineering studies, as otherwi.se he 
be to some extent handicapped. This 


is a point that is not always appreciated. 
There is usually some choice in the sub- 
jects for the matriculation or school 
certificate examination, and if subjects 
other than those enumerated above are 
selected, then extra time or effort will be 
needed before the student can do himself 
justice. 

First Year College Course. The usual 
lull-time engineering course at a Univer- 
sity or Technical College covers a period of 
three years, the standard of entrance 
being normally that of matriculation or 
general school certificate. Students of all 
branches of engineering are usually 
grouped together in the first year of their 
course, and it is general practice to give 
exactly the same course (slight modifica- 
tions occur in individual colleges) to civil, 
mechanical, and electrical engineering 
students. This course will include a 
generous allowance of mathematics, of 
the practical or applied, rather than of the 
so-called pure type. Mechanics also will 
be dealt with in considerable detail. 

It is rather a difficult matter to say 
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TECHNICAL TRAINING. The training workshop of the British 
Thomson*Houston Co., Ltd., in which student apprentices receive 
their technical training. 


where applied mathematics 
ends and practical mechanics 
begins; the two subjects 
merge imperceptibly into one 
another. From mechanics to 
engineering drawing, involv- 
ing a knowledge of machine 
parts, is an obvious step, and 
a considerable part of a first 
year student's course should 
be spent in the college drawing 
office. Here he must acquire 
some degree of skill in actual 
manipulation, for which time 
and practice are essential. 

Physics and chemistry, to- 
gether with appropriate in- 
struction in the respective 
laboratories, are also essential 
subjects, and it is in the former 
that the electrical engineering 
student receives his first instruction in 
electrical matters, when studying the 
fundamental subject of electricity and 
magnetism. No technical electrical en- 
gineering is studied at all in the first year, 
and it is quite common practice for an 
electrical engineering student never to 
enter the electrical engineering department 
of his college at all during the first year of 
his course. 

Extra subjects, such as a foreign 
language, may be introduced into his 
course, but in very many cases these are 
excluded, not because they are undesirable, 
but because they do not contribute 
directly towards an engineering training, 
and because it is impossible to include 
everything in view of the limited time at 
disposal. So far, students of all branches of 
engineering have undergone a common 
course of instruction, no difference being 
made at all between electrical and 
mechanical engineering students. 

The Second Year. In the second year 
of his course, the electrical engineering 
student will begin to study his own 
subject from a technical standpoint. 
He will still continue his study of mathe- 
matics and mechanical engineering sub- 
jects ; possibly also physics and chemis- 
try, but about one-third of his time will 
now be devoted to technical electrical 
engineering subjects. He will be intro- 
duced to the .principles governing the 
operation of electrical machinery and 


apparatus, starting with direct current 
work, followed almost immediately by a 
study of the alternating current circuit. 

From now onwards a greater and greater 
proportion of his time will be spent in the 
study of alternating current problems, 
since the great bulk of electrical engineer- 
ing practice is to-day associated with the 
alternating current system. The student 
will also, at this stage, be introduced to 
the methods of construction adopted in 
manufacturing practice, and his work in 
the drawing office will begin to take on an 
electrical engineering bias. 

A portion of his time will also be spent 
in the electrical engineering laboratories, 
where he will make actual contact with 
the machines and apparatus of which he 
has heard descriptions in the lecture 
theatre. The importance of this labora- 
tory work cannot be over-estimated. It 
is really the life-blood of the course, 
and consolidates the work of the lecture 
theatre and class room. It makes things 
real to the student which otherwise would 
be merely hearsay, and experience has 
shown the immense value of the experi- 
mental part of the course. 

The Third Year. Much more of his time 
is now spent in the electrical engineering 
department itself, a common arrangement 
being to divide his time in the ratio of 
two-thirds to electrical engineering sub- 
jects and one-third to mechanical engin- 
eering subjects and mathematics. The 
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study of the latter should be continued 
throughout the whole of his course, in 
spite of the fact that the advantages of 
this policy may not be immediately ap- 
parent to the student himself. Mathe- 
matics in itself forms such a valuable 
mental training that, apart from its 
engineering application, its stud}' should 
be prosecuted if for no other reason than 
to train the student into orderly ways of 
thinking. The technical side of certain 
branches of electrical engineering are very 
mathematical in their character, as, for 
example, high frequency and radio en- 
gineering, and without the proper mathe- 
matical equipment a student finds it 
exceedingly difficult, if not impossible, to 
acquire more than a superficial knowledge 
of the subject. 

During his final year the student will 
spend an increasing proportion of his time 
on alternating current problems, since he 
will now be concerned with generation, 
transmission and distribution of electrical 
power, and this is now almost entirely 
alternating current, at any rate so far as 
the first two items arc concerned. He will 
also be introduced to the subject of elec- 
trical machine design. Sucli a course is of 
great value, quite apart from the fact that 
the student may not be contemplating 
going on to this kind of work in actual 
practice. The study of the principles of 
electrical machine design forms one of the 
best ways of learning the behaviour and 
characteristics of the various types of 
machine dealt with, and gives the student 
a clearer insight into their manner of 
operation. 

High-frequency engineering should by 
no means be neglected, even if the student 
intends to devote himself to the heavier 
side of the industry. There are now so 
many applications of high-frequency en- 
gineering that no electrical engineering 
student can afford to be ignorant of this 
side of the work. Indeed, the thermionic 
valve has invaded so many fields that it 
can now no longer be regarded as having 
relation to wireless and high-frequency 
work. The subject of electrical measure- 
ments is also of great importance, and its 
range is now so wide that it may be re- 
garded as a separate subject of study in 
it^lf. 

Iri the purely mechanical engineering 


subjects, the electrical engineering student 
should study the properties and strength 
of materials, theory of machines, heat 
engines, and hydraulics. If he contem- 
plates entering the supply side of the 
industry, the value of a knowledge of the 
theory of heat engines will be at once 
apparent, whilst hydraulics is scarcely less 
important. In fact, it is of paramount 
importance in connexion with hydro- 
electric power schemes. 

Evening Study Courses. In an evening 
course of study the range of subjects is 
naturally somewhat nanower in view of 
the more limited time at the disposal of 
the student, but roughly speaking the first 
year of the evening course will correspond 
to the first year of the full-time day course, 
except that it will not cover the same 
range of subjects, whilst the second and 
third years of the evening course will cor- 
respond roiiglily to the second year of the 
full-time day course. wSimilarly, the fourth 
and fifth years of the evening course 
correspond to the third year of the day 
course. There is a tendency for evening 
courses to specialize rather more than in 
day courses, so that in certain directions a 
student will gain a more detailed know- 
ledge of a particular subject, but he will 
not have the advantage of the wide range 
enjoyed by his more fortunate brother 
who is enabled to spend his full time at his 
studies. 

Homework consisting of set exercises 
and also of private reading is a necessary 
adjunct to a course of study as set out 
above. The regular working of examples 
and answering of questions is of great help 
to the student, inasmuch as it helps him 
to find out those things which he does not 
understand, and if he has any acumen he 
will be able to rectify his faults. The 
rightful use of text-books is also a question 
of great importance. The private study of 
text-books in itself cannot replace actual 
tuition, but it can and does act as a very 
valuable supplementary aid. After a 
student has received a lecture on a par- 
ticular subject he should endeavour to 
read up the same subject in his text-book 
as soon after as possible, before his recol- 
lection begins to fade. The judicious 
asking of questions by him will then in the 
majority of cases enable him to acquire a 
proper knowledge of this particular item. 
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Examinations. The question of examina- 
tions is a very vexed one. It is the general 
consensus of opinion that examinations 
cannot be dispensed with entirely, but 
certain people hold the view that there is 
rather too much of them. The argument is 
advanced that the teaching staff are just 
as competent to judge a student from his 
ordinary work, day by day, as they are 
from the results of an examination cover- 
ing only a few hours. There is a great deal 
of truth in this, but the system is open to 
abuse. Again, it is undoubtedly a fact 
that, hutnan nature being what it is, the 
average student works harder if he is con- 
fronted with an examination at the end of 
his course. It provides an incentive, and 
although there are without doubt excep- 
tions, it would appear that the examina- 
tion system is the lesser of two evils. 

The following gives a typical syllabus 
for a full-time course covering three years, 
and reaching a standard which is approxi- 
mately that of the B.Sc. of London 
University. 


Hours 

per 

First Year week 
Mathematics . . 0 

Mechanics . . . . 3 

Physics . . . . 4 

Cliemistry . . . . 4 

Eagineering Draw- 
ing 7 

Engineering Work- 
shop and Eaboia- 
tory . . . . 6 

Second Year 
M athematics . . 5 

Strength of Mater- 
ials I 

Theory of Machiiiesi 
Ileal ICngines . . i 

Hyrl rail! ICS . . . . 1 

Engineering Work- 
shojiand Labora- 
tory .. ..5 

Engineering Draw- 
ing and Design 3 
Physics . . . . 2 

Chemistry . . . . 2 

Electrical Techno- 
logy . . . . 6 


Hours 

per 

week 

Electrical Draw'ing 
and Design . . 3 


Third Year 
Matliematics . . 5 
Strength of Mater- 
ials I 

Heat Engines . i 
rbigineering Lab- 
oratory . . . . 3 

Alternating Cui- 
rent 'rechnology 4 


(ieneralion, Trans- 
mission and Dis- 


tribution . . 2 

Utilization of Ele - 
trical Energy . 2 

Wireless and High 
r>e(jueHey F.n- 
ginecring. . . . 2 

Electrical Machine 
Design . , . . 4 

Electrical Engin- 
eering Labora- 
tory . . . . 6 


The above syllabus must not, of course, 
be regarded as other than an average one, 
and some departure from it will be ob- 
served in almost every college, but it may 
be taken as giving a general indication of 
what may be expected in a normal case. 


TELAUTOGRAPHY. Alternative name 
for Photo-telegraphy, which see, 

TELECTOGRAPH. A system of photo- 
telegraphy in which a metal stylus 
traverses a metal base original, and 
transmits currents varying in intensity 
with depth of tone of the original. Chemi- 
cally prepared paper transforms current 
impulses into reproduction of original at 
receiving end. This system has been 
largely superseded by the methods 
described under Photo-telegraphy {q,v.). 

TELEPHONE (In Radio). Although 
head telephones are now very little used 
in the reception of broadcasting their 
use is extensive in other spheres of radio- 
communication, for example, in the recep- 
tion of wireless messages on board ship, 
in aeroplanes, etc. 

The type of telephone receiver most 
suitable depends on the nature of the 
received signals, for instance, whether 
speech or Morse signals. For receiving 
speech the ordinary flat diaphragm ear- 
piece is commonly used, as it gives a 
sufliciently even response over the range 
of speech frequencies to keep distortion 
within reasonable limits. The same type 
is used for Morse signals where various 
musical frequencies are involved, as in 
spark transmissions from ships. 

In the beat reception of continuous 
wave telegraphy the heterodyne note can 
be given any desired pitch and for this 
reason telephones with a marked reso- 
nance at a particular frequency can be 
used. The heterodyne note is adjusted 
until maximum signal strength is obtained 
in the telephones. By this means extreme 
sensitivity is obtained. Telephones em- 
bodying this feature arc usually of the 
tuned reed type. A sprung iron reed is 
attached to the centre of a conical 
aluminium diaphragm and actuated by 
the magnetic variations due to the signal 
currents. These telephones are much 
more sensitive than the diaphragm type 
although not so robust mechanically. 

Both types referred to are polarized 
by a permanent magnet in each ear- 
piece, the signal currents producing 
variations of the magnetic field which in 
turn result in variations in the magnetic 
pull on the diaphragm or reed. 
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TELEVISION: THE PRINCIPLES EXPLAINED 

By S* O* Pearson^ B.Sc.. ^.M.LE.E. 

Since television has passed out of the purely experimental stage an examination 
of its principles and the most promising methods is of importance to the 
student. Here those methods which have been most successful in practice 
are explained, including disc scanning, the mirror drum method and the 
cathode ray. See Cathode Ray ; Kerr Effect ; Light Relay ; Photo-Electric Cell. 


Television constitutes the transmission 
and reception of moving pictures or 
scenes by electrical methods. Though the 
technical and practical problems involved 
have been many and difficult, develop- 
ments have proceeded so rapidly that 
television has now become a practical 
reality of definite entertainment value, 
and public services already operate in 
several countries. Although excellent re- 
sults have been obtained under laboratory 
conditions for some time past, the appara- 
tus required for reception was much too 
complicated and expensive to warrant a 
permanent television service. Recent de- 
velopments. however, have shown new 
possibilities for the simplification of re- 
ceiving apparatus. Present indications 
are that the transmission of moving 
pictures will take its place as a companion 
service to the now national institution of 
broadcasting, and that continuous im- 
provements will be made both in trans- 
mis.sion and reception on parallel lines to 
the perfection of the broadcasting of 
sound from the cry.slal set stage to the 
highly efficient and sati.sfactory per- 
formance of the modern transmitter and 
multi-valve receiver. 

Basic Principles. It is common know- 
ledge that a cinematograph picture thrown 
on the screen is not actually moving 
continuously, but consists of a rapid suc- 
cession of stationary pictures, each one 
slightly different from the preceding one. 
An impression on the retina of the eye 
persists for a fraction of a second after the 
actual image has disappeared, and so, 
providing the pictures projected from the 
film follow one another in sufficiently rapid 
succession, the retentivity of tlie eye leads 
to the impression that the picture is 
actually moving continuously, and no 
flicker is evident. There must be at least 
10 pictures per second to give the apparent 
effect of continuous motion, but if flicker- 
ing is to be avoided altogether, more than 
20 pictures per second are necessary. In 


standard cinema apparatus the rate of 
projection is about 24 pictures per second. 

In television the same conditions apply 
as regards the number of complete pictures 
that must be transmitted per second ; but 
each individual picture has to be trans- 
mitted in the form of electrical impulses, 
and so it is not po.ssible to transmit a 
complete picture instantaneously. It is 
necessary to divide the picture into a large 
number of small areas each with a depth 
of shade according to its position in the 
complete picture. By a suitable optical 
or mechanical system in conjunction with 
a light-sensitive cell these small areas or 
** elements of the picture are made to 
transmit individually and in succession 
electrical impulses of intensity depending 
on their depth of shade, the whole picture 
being covered bit by bit in this way in at 
most one- tenth of a second. The process 
is called “ scanning.'' At the receiving 
end the electrical impulses are made to 
reproduce the small areas of light and 
shade on a screen in their correct relative 
positions and so to reassemble the j:)icture. 

The Photo-Cell. Before considering 
methods of scanning, a brief description 
of the light-sensitive cell is necessary. 
The function of this is to convert variations 
of light intensity into corresponding 
variations of electric current in much the 
same way that a microphone converts 
sound vibrations into electrical variations. 
Although the properties of selenium were 
made use of in the earliest television 
experiments, it was found that a time lag 
existed between the light variations and 
the resulting changes of resistance. So 
in modern systems the light-sensitive 
device invariably consists of a photo- 
electric cell or photo-cell, which is entirely 
free from time lag. It is an electronic 
device, consisting of an evacuated bulb 
containing a cathode and anode, like a 
thermionic valve. The cathode is coated 
with a light-sensitive substance which has 
the peculiar property of emitting electrons 
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to an extent depending on the amount of 
light falling on it. Among such sub- 
stances are caesium, rubidium and potas- 
sium, their relative light-sensitivity being in 
the order given. Caesium is about five times 
as sensitive as rubidium and twenty-five 
times as sensitive as potassium. {See also 
Caesium Cell and Photo-Electric Cell.) 

Principles of Scanning. Although there 
are a number of methods of scanning the 
televised picture, they are practically all 
based on the same principle whereby the 
picture is divided into parallel strips, as 
in Fig. I, the light from the picture 
elements forming the first strip A being 
made to affect the photo-cell in succession 
from one end of the strip to the other. 
Then the process is repeated for the next 
adjacent strip B, and so on until the whole 
picture has been covered or scanned. And 
the complete process must take place in 
not more than one-tenth of a second. 

The details of 
the scanning 
process are 
most easily 
understood by 
the considera- 
tion of one of 
the simplest 
systems and 
the first to 
prove success- 
ful in practice. 
This refers to 
the scanning 
disc or Nipkow 
disc method 
which lias been 
used in the 
Baird system in this country until quite re- 
cently. It consists essentially of viewing 
the picture through square holes in a 
rotating disc, the holes being in a spiral 
line, as indicated in Fig. 2. For simplicity 
the picture can in the first place be con- 
sidered as a transparent film, light being 
passed through it from a suitable source. 
The disc is situated between the film and 
the photo-cell, and the only light which 
can reach the latter is that coming through 
one of the holes opposite the picture. 
The holes are so spaced that only one 
occurs opposite the picture at any instant 
and each passes across a different strip of 
the picture. 



scanning. A light-spot passes from 
top to bottom, or vice-versa, along 
the successive strips. 


As a particular hole moves across the 
film the light passing through varies in 

conformity 
with the varia- 
tions of den- 
si ty of the 
picture in the 
strip covered, 
and the photo- 
cell converts 
these light 
variations into 
electrical im- 
pulses. The 
next succeed- 
ing hole in the 
disc covers an 
adjacent strip, and so on until the whole 
picture has been covered or scanned. 
With a single set of holes in the disc the 
picture is completely scanned once every 
revolution of the disc, and if the picture 
is a moving one each complete scan covers 
a slightly different picture from the pre- 
ceding one, and somewhat the same effect 
is obtained as in a cinema picture, except 
that each individual picture is transmitted 
not as a whole but as a large number of 
small elements, not simultaneously but 
successively. 

The electrical impulses from the photo- 
cell are amplified and transmitted to the 
receiving apparatus by radio or by ware 
and, except for the different frequency 
range involved, the same principles of 
transmission and reception are used as 
for sound broadcasting. 

The Receiver. At the receiving end, 
in the simple system under consideration, 
the received electrical variations are 
amplified and made to vary the intensity 
of a source of light. An ordinary lamp is 
not suitable on account of its large 
thermal inertia and a neon lamp is usuaUy 
employed. The lamp is connected in the 
anode circuit of the output valve of the 
receiver, taking the place of the loud 
speaker in an ordinary broadcast receiver. 
The illumination from the lamp varies 
instantaneously with change of anode 
current, so the brightness varies in accord- 
ance wdth the electrical pulsations pro- 
duced by the scanning device at the 
transmitting end. The modulated light 
from the neon lamp is then made to pass 
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through the apertures of a second Nipkow 
disc identical with that at the transmitter. 
A translucent screen, such as a ground 
glass screen, is placed close to the disc 
on the opposite side 
to the lamp, as 
indicated by the 
schematic diagram 
of Fig. 3. Moving 
light spots are then 
thrown on to the 
screen and when the 
conditions are 
correct the picture 
is reassembled. By 
interposing a lens 
between disc and 
screen an enlarged 
picture can be 
obtained. 

The condition for the formation of a 
picture is that the eye should see at any 
instant only that small area of the 
illuminated screen which corresponds 
exactly to the particular picture element 
opposite tlie aperture in the disc at the 
transmitter at that instant. (As the 
velocity of radio wav^es is about 186,000 
miles per second the slight time lag can be 
neglected at short distances. In any case, 
it makes no difference to the operation.) 
In this way all the picture elements are 
reassembled in their correct positions with 
their correct relative intensity of illu- 
mination, the persistence of vision giving 
the effect of a complete picture. 

The Problem of Synchronizing. It is 
obvious, then, that the disc at the trans- 
mitter must rotate at exactly the same speed 
as and in synchronism with that at the 
receiver, and this has been one of the 
problems to be solved, without the use of 
a special channel between transmitter and 
receiver for transmitting synchronizing 
signals. It has been satisfactorily accom- 
plished by superimposing a special 
rhythmic synchronizing signal on the main 
signals representing the vision. A black 
strip is arranged along tlic top of the trans- 
mitted picture, as in Fig. i, so that a 
sudden drop and rise of photo-cell current 
occurs at the beginning of each scanning 
line. This current pulsation occurs at a 
definite fixed frequency and can be .separ- 
ated out by suitable filters at the receiver, 
where the disc is driven by a motor 


supplied from a local source, its speed 
being controlled by the synchronizing 
impulses through the medium of a phonic 
wheel mounted on the same shaft as the 
main motor. The phonic wheel exerts a 
small braking effect when the main motor 
tends to run too fast, or an accelerating 
effect when the tendency is to run too 
slowly. The discs are thus kept at the 
same speed exactly. 

But they will not necessarily be in syn- 
chronism, that is, their relative angular 
positions may not be correct. This results 
in a divided picture— the right-hand 
portion might appear on the left, and vice 
versa, with a dividing line between, as 
in Fig. 4 (left). It is a matter of ea.sy 
manual adjustment to correct this error 
by retarding the disc sliglitly until syn- 
chronism is obtained. On the other hand, 
the picture may be divided horizontally, 
as in Fig. 4 fright). When this happens the 

framing " is said to be out and is cor- 
rected by adjusting the angular po.sition 
of the stationary part of the synchronizer. 

Televising Moving Objects. The outline 
given above indicates the basic principles 
of scanning, but m practice considerable 
elaboration of the optical systems and 
scanning methods are necessary. So far 
we have only considered the televising 
of a stationary transparency, but obviously 
the method could be applied to the 
successive scanning of the pictures of a 
cinematograph him, a moving picture 
being reproduced at the receiver. But 
in the televising of actual moving objects 
no transparency is available, and reflected 
light from the objects witliin the field 
must be depended ui)on. The method of 



Fig. 4. Possible effects when the receiving disc is 
not in synchronism with the transmitting disc but 
when their speeds are equal. With unequal speeds a 
stationary picture is not obtained. 



TELEVISION. Fig. 3. Illus- 
trating method of reception 
with the Nipkow disc. In 
practice, lenses are used to 
improve the optical con- 
ditions. 


1244 



TELEVISION. 



Baud Television, Ltd. 

illuminating the whole of the subject 
and forming an image on a screen proved 
unsatisfactory from tlie first, owing to the 
intensity of illumination required ; the 
discomfort to artistes proved too great. 

A more successful and practical system 
employing mechanical scanning is that in 
which a scanning spot is made to traverse 
the field. By pi. icing an intense light 
behind a Nipkow disc a scries of extremely 
bright spots of light are passed across 
the subject in succession in parallel lines, 
on the same principle as applied to the 
scanning of the film. The reflected light 
from the .subject is then focussed through 
a lens on to the photo-cell. With this 
arrangement the average illumination 
is comfortable to the sitter .and, owing 
to the speed of scanning, appears to be 
steady. But actually the whole of the 
subject, except the small area illuminated 
by the light spot, is in darkness ^ 

To some extent the Nipkow disc 
method of scanning has been replaced by 
a mirror drum method which has proved 
to possess considerable advantages. A 
number of plane strips of mirror corre- 
sponding to the number of holes in the 
Nipkow disc are mounted on the periphery 
of a rotating drum. A beam of light is 


directed on to the drum and reflected 
by the successive mirrors on to the 
subject to be televised, or on to the screen 
at the receiver, as the case may be. 
The individual mirrors are tilted at 
slightly different angles with respect 
to the drum axis, so that the reflected 
scanning spots cover adjacent strips of 
the field in exactly the same way as 
with the disc. 

Factors Governing Definition. The 

amount of detail possible in the received 
picture depends primarily on the number 
of elements into which it is divided, and 
this is directly proportional to the 
number of scanning lines per picture. 
In the very valuable experimental 
transmissions put over by the B.B.C. in 
conjunction w'ith Baird Television, Ltd., 
30-linc scanning was used. The 
picture was divided into 30 strips, and 
12J complete pictures were transmitted 
per second, this constituting 375 line- 
scans per second. For a picture with a 
length to breadth ratio of 5/4, the scanning 
lines being in the direction of the larger 
dimension, the number of picture elements 
per line would be ■} X 30 = 37*5, assuming 
a square scanning spot. This gives 
30 X 37*5 = 1,125 elements per complete 
picture, or over 14,000 elements per 
second. Since one cycle of A.C. occurs for 
each two picture elements, it follows that 
the electrical frequency involved with a 
30-line scan is of the order of 7 kcs., 
requiring a radio-frequency channel of 
14 kcs. ; that is, two 7 kc. sidebands. 

Even this is higher than can be trans- 
mitted over the usual broadcasting wave- 
lengths without causing or experiencing 
interference. The cutting off of the 
higher frequencies reduces the definition 
somewhat. The degree of definition 
obtainable with 30-line television is sufii- 
ciently good providing the subject itself 
does not contain too much detail. For 
instance, the televising of the head and 
shoulders of a sitter gives fairly 
satisfactory results, but a group of 
people at a moderate distance would 
appear very much blurred. Better 
definition can only be obtained by 
increasing the number of scanning lines 
per picture, and this involves the use of 
a wider frequency band than normal 
wave-lengths permit. 
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Cathode Ray Television change of voltage occurs between the other 
Although the application of the cathode pair of deflecting plates, moving the spot 

ray oscillograph to television is not new, to the left by an amount equal to its dia- 

recent developments and improvements in meter, so that on its next journey from 

design have resulted in considerable top to bottom it covers an adjacent strip of 

advancement in this direction. By its the screen, and so on until one complete 

use all scanning is performed electrically, picture has been scanned. The luminous 

there being no moving parts whatever in spot is then returned rapidly to the top 

the apparatus. This means that the right-hand corner, and the next picture 

number of scanning lines can be greatly is commenced. The course of the spot 

increased so that far better definition is during one complete scanning of the 

possible than with disc or mirror drum picture is indicated in Fig. 7, where the 

methods. Very successful high definition full lines represent sweep speeds and the 

television with the transmission of 25 broken lines rapid returns, 

pictures per second has resulted. I '' Time Base Circuits. For 

\ the moment the light mod- 
* ulation will be ignored and 
I the methods of obtaining 
j t h e requisite deflecting 
/ voltages will be considered. 
I To obtain a line scan, the 
S/)/e/cf J^/uorescent luminous spot must move 

TELEVISION. Fig. 6. Cathode ray oscillograph. ^ with Constant Speed acrOSS 

^ the screen, and this means 

The elements of a cathode ray oscillo- that the deflecting voltage between the pair 

graph tube are shown in the sectional of deflecting plates concerned, which we 

drawing of Fig. 6. Full details of the.action shall in this article call the Y plates, 

of the cathode ray oscillograph for general must rise at a uniform rate, for the de- 

purposes are given under the heading flection of the electron beam is directly 

Cathode Ray Oscillograph. Its application proportional to the voltage. In practice 

to television will be perceived from the it is a very easy matter to obtain a uni- 
following outline description. forrnly rising 

In operation a narrow beam of electrons voltage across 
issues through the hole in the anode or a condenser by 
‘'gun'' and produces a small luminous charging the 
spot on. a fluorescent screen at the end of latter with a 
the glass tube, at the point of impact of constant charg- 
the electrons. The beam of electrons can ing current, 
be deflected in two directions mutually at Over awide 
right angles by voltages applied to the range of anode 
respective pairs of deflecting plates, and voltages the 
this effect is utilized for scanning purposes anode current 
in television. of a screen grid 

The cathode ray tube can be used at valve or a pen- 
both transmitting and receiving ends, but tode (or even 
as its action in the capacity of receiver a saturated 
lends itself to a somewhat simpler ex- diode) is prac- 
planation, this will be considered first. tically con- 

A steadily increasing voltage applied to stant, and this 
one pair of deflecting plates moves the property is utilized to meet the necessary 
spot across the screen, say from top to charging conditions, 
bottom along the right-hand edge of the The simple principles of the device will 
picture being formed, giving one vertical be readily understood from Fig. 8 (a), 
scan. At the end of the stroke the spot is where a saturated diode is used for main- 
almost instantaneously returned to the taining the charging current constant to 
top of the screen. During this time a small the condenser C, the rate of charge 
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Fig. 7. Cathode ray scanning. 
The full lines represent the course 
followed by the light spot. 
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TELEVISION. Fig. 8. Simple circuits showing 
principle of obtaining time-base voltage. 


depending in this case on the hlarnent 
temperature of the diode, and therefore 
adjustable. Owing to the fact that the 
current is extremely sensitive to changes 
in filament temperature a screened pen- 
tode is to be preferred in practice, the 
charging current then being adjusted by 
the voltage applied to the control grid. 
The Y plates are connected across the 
condenser. 

The next requirement is that the 
condenser should be discharged as rapidly 
as possible as soon as the voltage across its 
terminals reaches a certain maximum 
value. This is also easily arranged by 
connecting a gas discharge tube such as 
a neon tube or gas -filled triodc (called 
a thyratron) [q.v.) directly across the 
terminals of the condenser, as in Fig. 8 (b). 
Such a device passes no current at all 
until the voltage reaches a certain critical 
value at which ionization suddenly 
occurs, the tube is fired and the condenser 
is rapidly discharged through it. 

The simple neon tube has the dis- 
advantage of a very limited range between 
striking and extinguishing voltages, about 
30 volts only, and as the cathode ray tube 
requires a voltage swTep of the order of 
400 volts, special neon-lilled or mercury 
vapour-filled triodes have been produced 
for the purpose. With such a valve no 
discharge will occur until’ the anode 
voltage reaches a value n times as great 
as the negative voltage applied to the 
grid, this factor n being called the control 
ratio. Once the discharge commences, 
however, it is out of control of the grid 
and the condenser is rapidly and almost 
completely discharged. The process is 
then repeated. 

With the neon tube of Fig. 8 (b) replaced 
by such a gas discharge tube the voltage 
across the condenser rises and falls in the 


manner shown by Fig. 9, giving a saw- 
tooth diagram, which is what is required 
for the vertical scanning lines on the 
screen of the oscillograph. The arrange- 
ment causes the light spot to oscillate 
from top to bottom of the picture, moving 
upwards at a very much greater speed 
than downwards. 

Now, if the second pair of deflecting 
plates (X) were maintained at constant 
potential difference, the light spot actuated 
by the time-base system just described 
would move up and down over the same 
strip of the screen. Therefore, a second 
time-base voltage must be applied to the 
X plates, giving horizontal deflection at a 
comparatively slow rate, to give the effect 
of Fig. 7. Assuming 30 scanning lines, 
the horizontal time base in seconds must 
be exactly 30 times as long as tlie vertical 
one. The method of obtaining it is exactly 
the same, the only difference being one of 
speed, determined by the condenser value 
and the constant charging current. 

Synchronizing and Interlocking. It 

follows that the two time bases must be 
interlocked so that the frequency of one 
is exactly 30 times that of the other. This 
can be clone by transferring a fraction of 
the voltage from the high-frequency or 
vertical time-base system to the grid of the 
gas discharge tube controlling the other, 
a small variable condenser being connected 
from the anode of the H.F. tube to the grid 
of the L.F. one. During the last vertical 
stroke ot the spot downwards on the left, 
the time-base voltage of the horizontal 
control is nearing the value at which the 
discharge tube strikes and the small im- 
]>iilsc applied to the grid from the vertical 
system ensures that the tube shall be 
flashed at exactly the right instant, re- 
turning the spot from the bottom left to 
the top right-hand corner, when the pro- 
cess of scanning is repeated. 



Fig. 9. Saw-tooth time-base voltage obtained from 
screened pentode — gas discharge tube combination. 
For 120-line 25 picture scanning the periodic time 
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Synchronizing the receiver tube witn 
the transmitter is effected on the same 
principle. A synchronizing signal is 
radiated from the transmitter at the end 
of each line scan as explained for the disc 
method, and this impulse is applied, at the 
receiver, to the grid of the liigher frequency 
time base tube, so that each line scan 
commences at exactly the right instant. 
It should be realized that the cathode-nay 
type of receiver operates satisfactorily 
on disc transmitted television. 



TELEVISION. Fig. 10. Scanning head of Marconi 
SO'line television transmitter using Nipkow disc. 



Fig. 11. Marconi cathode ray tube television receiver. 
Mareon$‘i Wireless lelegraph Cu . Ltd. 


The Cathode Ray Transmitter. As the 

cathode ray receiver can be made to deal 
with H.D. scanning quite satisfactorily, 
it follows that in such a system cathode- 
ray methods can be used at the trans- 
mitter also. The scanning arrangements 
at the transmitter are exactly the same as 
described for the receiver, but considerable 
difficulty is experienced on the optical 
side. Tliis is becau.se the oscillograph itself 
has to provide the illumination, and at first 
it was only possible to use cinematograph 
film subject matter for transmission by 
this means, but direct transmission later 
became possible with special electron 
camera systems outlined below. 

The .scanning spot on the .screen of the 
cathode ray tul)e is focussed on to the 
film, through which it p)asses, in varying 
degrees of intensity, into the plioto-cell. 
One of the difficulties has been the per- 
sistence of the fluorescence on the screen 
for a fraction of a second after the electron 
bombardment has ceased. 

Light Modulation. In the ordinary way 
the intensity of the luminous spot can be 
varied by altering the \X)ltage on the 
cylindrical shield surrounding the cathode, 
a change of 20 or 30 volts being sufficient 
to control the light inteii.sity between full 
brilliance and darkness. By applying the 
received signal voltages to this shield the 
necessary light modulation is obtained. 

There is, however, a disadvantage that 
the focussing of the electron beam is upset 
to .some extent by this method, causing 
the scanning lines to widen and run into 
each other, when an attempt is made to 
u.se fine .scanning. In the system developed 
at the Cossor valve works, and described 
by Bedford and Buckle in a paper read 
before the Wireless Section of the I.E.E., 
this drawback has been overcome by an 
ingenious method. Instead of varying the 
intensity of the luminous spot on the 
screen, velocity modulation is employed. 
A light spot travelling at high speed 
produces a fainter apparent illumination 
than at low speed. Over the lighter parts 
of the picture the luminous spot (of 
constant intensity) moves relatively slowly, 
and rapidly over the dark parts. The effect 
is very easily accomplished at the receiver 
by superimposing the signal voltages on 
the line-scanning time-base voltage so 
that the spot moves from top to bottom 
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with variable velocity according to the 
gradation in the strip of the picture 
covered, but the total time taken to cover 
one complete line scan is unaffected. 

Considerable complication is introduced 
at the transmitter, where the output from 
the photo-cell is made to react back on to 
the scanning oscillograph in such a way as 
to vary the velocity of the spot according 
to the gradation of the cinema film. 
Intensity modulation combined with velo- 
city modulation has been used to give 
better contrasts. • 

High -Definition Television. The greater 
the number of scanning lines the better is 
the definition of the picture, within 
practical limits. The year iq36 marked 
the inauguration of a high-definition 
service from the Alexandra Palace, two 
systems being ado])ted, namely, the Baird 
and the Marconi E.M.I. systems. The 
former employs 240-line horizontal scan- 
ning of a 4 X 3 horizontal picture — 25 
pictures per second. The latter employs 
405-line interlaced scanning. 

The signal frequencies involved in H.D. 
television are very high indeed. The 
maximum frequency to be dealt with is 
given by the expression : 

Frequency -=> 

(Scanning lines)* (picture ratio) x (pictures per sec ) 

2 

Thus with 240-line scanning and 25 
pictures per second, picture ratio the 
frequency is 960,000 cycles or 960 kc. per 
sec. Allowing 10 per cent, for the time 
required for synchronizing impulses, the 
actual maximum frequency is 10 per cent, 
greater, namely, 1,056 kc. 

Why Ultra-Short Waves are Necessary. 
With 240-line television we require a 
modulation Irequency of over 1,000 kc. 
and therefore a total channel width of 
over 2,000 kc. Now a 300-metre wave- 
length constitutes a carrier trccpiency of 
only 1,000 kc. and so it is technically 
impossible to use medium and long w'ave- 
leiigths for H.D. television. The medium- 
wave band from 200 to ()oo metres em- 
braces 1,000 kc. (about 110 channels ot 
9 kc. each), and a single H.D. television 
transmission requires twice this band 
width. The frequency separation ol two 
ultra-short wavelengths of 3 and 10 
metres is 70,000 kc., sufficient to accom- 
modate 35 transmissions, each with a 
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2,000 kc. Spread, The suitability of ultra- 
short wavelengths for H.D. television is 
thus evident. In the H.D. television from 
the Alexandra Palace the carrier wave- 
length for vision is 6*6 metres and for 
associated sound 7-2 metres. Although 
the wavelength separation is only o*6 
metre the frequency difference is 3,800 kc. 

Electron Scanning Systems. Owing to 
the limited amount of light obtainable 
from the screen of a cathode-ray tube 
this device in its usual form is not suited 
to H.D. scanning at the transmitter. 
There are, however, other systems em- 
ploying scanning by electron beams or 
the equivalent, and possessing consider- 
able advantages over mechanical methods. 
High-speed scanning is easily effected, 
and outdoor scenes may be televised. The 
two systems of electron scanning developed 
in this country by Baird and Marconi 
E.M.I. r(‘spectively are outlined below. 

The Farnsworth Electron Image Camera. 
Farnsworth in America produced two 
devices, namely, the “ Image Dissector " 
and the " Electron Multiplier,'’ which are 
combined to form a single unit called an 
“ electron image camera." The scanning 
is done by the image dissector and the 
amplification of the picture signals by the 
electron multiplier. 

The image dissector consists essentially 
of a flat cathode and a flat anode situated 
at the two end.s of an evacuated glass 
tube, their faces being par^iUel as shown in 
Fig. 12 (^/), The cathode consists of an 
extremely thin film of silver on the end of 
the tube itself. The coating of silver is so 
thin as to be translucent and is coated on 
the inside with a film of caesium oxide 
which emits electrons under the action ol 
light. I'hc anode at the other end of the 
tube has a small hole through the centre. 

The scene or object to be televised is 
focussed by an ordinary photographic lens 
on to the cathode end of the tube, the 
light passing through the translucent 
.silver lilm and reaching the caesium. The 
number ol electrons emitted from any 
small area of the caesium film is directly 
proportional to the amount ol light reach- 
ing that part and therefore to the bright- 
ness of the image there. The freed 
electrons aie then attracted towards the 
positive anode. Now, in the ordinary way, 
the electrons would be emitted from the 
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cathode in various directions and on reach- 
ing the anode would be more or less evenly 
distributed. But by means of a mag- 
netizing coil M, surrounding the tube, a 
focussing of the electrons is obtained and 
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TELEVISION. Fig. 12. (o) The image dissector, (b) The electron 
multiplier, (c) Electron image camera arrangement combining 
ioj and (b). 


pro- 


an " electron image ” (invisible) 
duced on tlie anode. 

Scanning is effected by moving the 
t&hole image in liorizontal and vertical 
directions across the scanning hole in the 
anode by the magnetic fields of two pairs 
of deflecting coils on opposite sides of the 
tube. The electrons passing through the 
anode hole constitute the picture signals. 

The Electron Multiplier. With actual 
scenes the picture signals given by the 
image dissector are loo weak and the 
electron multiplier augments tlie number 
of electrons coming through the hole 
from each part of the image as it is scanned. 
The arrangement is as sliown in Fig. 12(h). 
A and B are two caesium-coated parallel 
electrodes, and C is a collector ring anode 
in an evacuated tube. The electrons shot 
through the hole in A are projected on to 
B, being prevented from reaching C by a 
strong axial magnetic 
field due to a magnetizing 
coil D. Each electron 
striking B liberates five 
or six secondary electrons 
which are attracted 
towards the ring anode C, 
but pa.ss through due to 
the magnetic field and 
strike A. liberating 
further secondary elec- 
trons. To maintain the 
to and fio motion of 
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Fig. 13 . The Iconoicope eyitem. 


electrons in this way, the P.D. between 'A 
and B is made rapidly alternating at 5b 
megacycles per sec. by means of an oscil- 
lator. To prevent eventual saturation an 
additional interrupting frequency is 
applied to stop the action at very 
short intervals, allowing the anode 
C to collect all the freed electrons, 
which constitute the amplified 
picture signal which is passed on to 
the radio transmitter. 

Fig. 12(c) shows the complete 
camera arrangement comprising 
the combined image dissector and 
electron multiplier. It is compact 
and portable and may be used for 
both indoor and outdoor work. 

The Iconoscope. This is also of 
American origin, being due to 
Zworykin. The device consists of 
a modified form of cathode-ray 
tube in which the fluorescent screen 
is replaced by a special kind of screen 
electrode on to which an image of the 
scene to be televised is iocussed by a 
photographic lens. The arrangement is 
shown in Fig. 13, where M is the screen 
electrode. This consists of a thin mica 
sheet with a metal plate as backing. By a 
special process minute silver globules are 
formed on the front of the mica and 
oxidized so that they are insulated from 
each other. They are then coated with 
caesium. The “ mosaic " so foimed is 
then sensitive to light, each globule being 
in effect a tiny photo-electric cell, and at 
the same time, in conjunction with the 
back plate, a small condenser. 

When an optical image is formed on the 
mosaic the globules throw off electrons to 
an extent depending on the intensity of 
the light, and the “ condensers " become 
charged to corresponding degrees in 
accordance with the light 
and shade of the picture. 
The screen is now 
scanned in strips in the 
ordinary way by the 
electron beam, as already 
explained, by applying 
saw-tooth voltages to 
the deflecting plates of 
the tube. 

Those ; , globules on 
which the beam im- 
pinges have electrona 
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imparted to them and, as condensers, are 
discharged. The charging and discharging 
currents appear at the back plate and 
constitute the picture signals. Conse- 
quently during the scanning the current 
obtained varies in accordance with the 
brightness of the part of the image passed 
over by the scanning beam. 

In high-definition work the necessary 
saw-tooth voltage for line scanning is 
obtained from special hard valve circuits, 
as gas-fiUed discharge valves have an 
inherent time lag. 

TEMPERATURE COEFFICIENT. The 

resistivity of a metal almost invariably 
rises with an increase of temperature, and 
hence where great accuracy is required it 
is very important to know the temperature 
at which a conductor will have to work. 

Between the limits of temperature 
which commonly occur, the change of 
resistance is strictly proportional to the 
temperature change. The actual increase 
is also proportional to the original resist- 
ance, and for a given change of tempera- 
ture the change of resistance of a conductor 
may be expressed as a percentage of the 
resistance at the lower temperature. It 
thus becomes convenient when comparing 
this property for different metals to 
reduce it to one common basis, that chosen 
being the percentage increase for C. rise 
of temperature. This quantity is called the 
temperature coefficient of resistance for 
the material, so that if the temperature 
coefficient of copper is said to be 0*388, it 
means that a copper conductor of 100 
ohms resistance at 0° C. will, when warmed 
to I® C., have a resistance of 100*388 ohms. 

It is clear that the increase of resistance 
is not due to the expansion of the metal 
producing a change in the dimensions 
merely, since any increase in length due 
to heating is accompanied by an increase 
in cross-sectional area. In fact, the 
increase in area due to expansion occurs 
at a greater rate than the increase in 
length, and on this basis the resistance 
should decrease. The change m resistance 
is a physical property apparently quite 
independent of the coefficient of expansion. 

The temperature coefficient does not 
always increase at the same rate in 
certain alloys, some metals having a 
rising resistance-temperature curve in the 
early stages, and a drooping one at a later 


stage. A limited number again possess 
drooping characteristics from the very 
outset, and these latter are classed as 
" negative " temperature coefficients. A 
complete list of the temperature coeffi- 
cients of the various metals and alloys 
will be found under Resistance (q.v.), 

TEMPERATURE EFFECTS: In 
Instruments. Most electrical measur- 
ing instruments are affected to some 
degree by temperature, and the aim of a 
good design is to minimize temperature 
errors as much as possible. 

In moving-coil instruments a high 
swamping resistance (q.v:) is used, and the 
resistance of the moving coil is then very 
small compared to the total resistance 
between terminals, so that, by this device, 
temperatiu-e changes are extremely small 
in well-designed instruments. In shunted 
instruments the temperature error is 
liable tb be greater on account of the 
necessity of getting sufficient copper wire 
on the moving coil to give the desired 
maximum torque, and a compromise 
between torque and accuracy must be 
made. In moving-iron instruments high 
value swamping resistances cannot be 
used so that temperature changes affect 
such instruments more than in the case of 
moving-coil instruments. 

In dynamometer type instruments re- 
quired for measuring the larger currents, 
it is usual to employ shunts, the tempera- 
ture coefficient of resistance of which may 
be different from that of the instrument 
windings. Temperature changes then 
alter the ratio of shunt to winding resist- 
ances and instrument accuracy thereby 
becomes affected. 

In hot wire instruments, the plate 
carrying the working components should 
have the same coefficient of expansion 
as that of the hot wire. 

Induction instruments are liable to 
temperature errors due to variations in 
resistance of the rotary disc and of series 
and shunt windings. The temperature 
coefficient of an induction meter varies 
with the power factor, and temperature 
changes may be responsible for appreciable 
inaccuracies at higher power factors. 
Temperature increases generally tend to 
under-registration and vice versa. 

TEMPERATURE RISE. The principal 
factor limiting the output which can be 
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obtained from a dynamo or motor is the 
heating effect produced in the armature, 
commutator and field windings. A limit 
is set to the permissible temperature rise 
in a dynamo or motor by the fact that the 
materials whicli are used to insulate tlie 
copper conductors in the slots and other 
parts are necessarily materials which 
cannot stand a high temperature, such as 
the cotton covering, tape or cotton 
braiding on the armature and field wind- 
ings, and the paper or insulating cloth, etc., 
which is used to insulate the winding 
from the armature core. 

The mechanical construction ot the 
machine also requires that the heating 
should not be excessive, otherwise in- 
jurious strains due to metallic expansion 
and contraction may be set up. Further, 
the pressure regulation of the machine 
may suffer if the temperature attained 
is excessive, owing to the increase in 
electrical resistance of copper with 
temperature. 

Modern practice demands that the 
temperature rise under stated running con- 
ditions should not exceed about 45 C., 

and this means that under a severe 
overload the temjierature rise may be as 
much as 70° C. abo\e the surrounding 
atmo.sphere. The heating of the armature 
is, of course, the result of the losses 
taking place in the windings, and the iron 
or core losses. It is an easy matter to 
calculate the watts lost in the copper, 
knowing the resistance of the armature 
conductors and the current flowing through 
them. Similarly, knowing the thickness, 
quality and weight of the laminations 
composing the core, the density of the 
magnetic flux and the frequency, we can 
calculate the iron loss in watts. The actual 
losses in the core vary considerably 
according to the method of building up in 
the shops and considerable margin must 
be allowed in the heating calculation for 
a possible increase in loss over that 
anticipated. 

The temperature rise depends upon the 
total number of watts lo.st in the copper 
and iron in relation to the exposed 
surface and the general fanning action, 
and it is obviously desirable to make the 
armature as well ventilated as possible 
in order to utilize to the maximum a 
given weight of copper and iron. 


Thus we have all the electrical losses, 
bearing friction and windage losses, ap- 
pearing as heat, in the relation that each 
kilowatt-hour so lost represents 3,415 
British thermal units per hour. All this 
heat has to be removed at the same rate 
as it appears if the temperature is to 
remain constant. It is conducted from 
the iron and copper through the insulation 
to the surfaces, where it is radiated into 
the air, particularly to the air passed 
through the machine by means of its fans, 
warming this air by a definite amount. 
The actual temperature attained by any 
part of a machine depends upon the 
cmissivity of its surface, wliich in turn 
depends upon its character (chiefly tex- 
ture) and colour, the initial temperature 
of the air in cont.ict with it, and the 
velocity of the air. Thus the design of 
an electrical machine, from the tempera- 
ture rise point of view, is a \ery compli- 
cated matter, iiu’olving the knowledge of 
the jfliysical characteristics of many 
materials .is well as more than the ele- 
ments ()1 bin design. 

Cooling Measures. If the amount of 
ventilating air becomes i educed the tem- 
])erature of a machine i inevitably rises ; 
lienee it is imj)ort.'int to ensure that fan 
blades are kept clear and free from 
erosion, and that all ventilating ducts are 
jieriodically cleaned. Tliis latter is the 
main reason for the jieriodical blowing out 
with com])rcssed air which should be a 
regular fealure of maiiiten.mce work. 

In oil-immersed electrical gear, such as 
transformers, the heat of the losses is con- 
ducted by the oil to the casing or radiator 
tubes, the surface of which has an emis- 
sivity that is accurately known. It is 
important, in this case, to ensure that an 
adequate natural current of air has access 
to the radiator tulles, for whicli reason 
many transformer cubicles are arranged 
with louvred air inlets, and exits in the 
form of natural chimneys. In very large 
transformers, such as those on the “ Grid," 
it is often arranged to increase the velo- 
city of the air upon the radiator tubes by 
means of fans, so enabling more heat to 
be taken away and the transformer to 
carry considerably more load without an 
excessive temperature rise. 

Temperature Rise Measurement. The 
average temperature rise of the copper 
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Limits of Temperature Rise Permissible 


Item 

Part of machine 

Temperature Rise 
(measured by thermometer) 

No. 

Machines not 
Totally Enclosed 

Totally Enclosed 
Machines 

1 

Windings insulated with 
Class A mat dials and 
cores with which they 
are in contact. 

40 *^ C. 

50° c. 

2 

Conirnutatcrs. 

45° C. 


3 

Slip- lings when not en- 
closed. 

45° C. 

55° C. 


Enclosed. 

.55° C. 

5.5° C. 

4 

Uninsulated parts includ- 

The temperature 

rise shall in no 


ing cores not in contact 

case reach such a value that there 


with insulated windings. 

IS risk of injury to any insulating 
materials on adjacent parts. 


conductors of a machine or transformer 
can be ascertained from the increase in 
resistance of the windings, and this 
method is recognized by the British 
Standards Institution. Very accurate 
measurements of the resistance are neces- 
sary if the deduced temperature is to be 
at all reliable, and the resistance cold must 
be taken when tlie machine has really 
attained the temperature allocated to it. 
Moreover, in the case of rotor windings, 
the brush resistance must be eliminated 
from the voltmeter readings if the fall of 
potential method of measuring the resist- 
ance is employed ; this can be done by 
the use of separate brushes or contacts 
for the voltmeter leads. Assuming that 
all these precautions are borne in mind, 
and the resistance of copper being directly 
proportional to absolute temperature, we 
have 

T -= [(^ + 234-5) R r] - 234’5 
where T is the final temperature of the 
hot windings in degrees centigrade, t is 
the initial temperature of the cold wind- 
ings in °C, R is the final hot resistance in 
ohms, aricl r is the initial cold resistance 
in ohms. If the temperatures are in 
degrees Fahrenheit the figure 491 should 
be substituted for 234-5 in both cases. 

In testing whether a motor will, in fact, 
come within its specified temperature rise 
on a given duty -cycle, it is not necessary to 
put it through a complete cycle, but the 
final temperature may be calculated from 
the measured temperatures before and 
after the first part of a repeating cycle. 
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This method saves 
time on the testing 
bench but involves 
very accurate methods 
of measuring the tem- 
peratures. 

These points are 
further discussed in 
Alternator ; Genera- 
tor; Motor; see also 
Continuous Rating; 
Intermittent Rating ; 
Rotor; Ventilation. 

TEMPERATURE 
SWITCH. Ther- 

mostat. 

TENSION: EXTRA 
HIGH, HIGH AND 
LOW. See Extra High Tcn.sion ; High 
Tension ; Low Tension. 

TERMINAL. Name given to a metallic 
conductor to which, or from which, elec- 
trical connexion may be made. Owing to 
the extremely varied applications of the 
terminal and the different classes of work 
to which it is put, terminals vary alike in 
size, shape and purpose. As a general 
rule, terminals arc made from brass owing 
to its relatively slow oxidation and freedom 
from corrosion. 

In accumulators terminals are coated 
with vaseline to prevent corrosion by 
the acid, and for the same reason 
are frequently lead-plated. Terminals 
arc often nickel-plated or lacquered to 
preserve their appearance and prevent 
corrosion. 

TERMINAL BOX. Term generally 
employed for any box attached to a 
macliine or apparatus and housing the 
input or output terminals. 

More specifically applied to the outlet 
box by which switches and other interior 
fittings can make connexion with con- 
cealed wiring buried in plaster or behind 
wainscoting. 

Also used for the box to which a lead- 
sheathed or wire-armoured cable may be 
led in and its cores separated to their 
respective terminals. See also Dividing 
Box ; Joint Box, etc. 

TERRESTRIAL MAGNETISM. An 
ordinary compass needle, if placed in 
the neighbourhood of a magnetic field. 
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will set itself along the lines of force, since 
in this position the turning moment, or 
torque, acting upon it becomes zero. 
Therefore, the fact that a compass needle 
placed almost anywhere on the surface of 
the earth takes up a definite position may 
be accepted as an indication that it is in 
' a magnetic field, the position it takes up 
being the one in which it lies most nearly 
in the direction of the lines of force of that 
field. The field so pointed out is that due 
to the earth, which, as Gilbert asserted, 
behaves as a large magnet. The direction 
taken up by the compass needle is approxi- 
mately, but not accurately, north and 
south ; the direction actually indicated is 
known as that of the magnetic meridian, 
at the place, and the angle between this 
and the true geographical meridian is 
known as the declination or variation 
of the needle. The declination has widely 
different values at different points on the 
earth's surface, and the fact that the two 
meridians are not identical shows that the 
magnetic and geographical poles do not 
coincide. 

Besides the form of needle termed the 
declination needle, there is another termed 
the inclination, or dipping, needle. The 
angle made by the direction of the needle 
and the horizontal plane is called the 
inclination, or angle of dip. It has been 
ascertained that the inclination or dip 
also varies from place to place. The 


maximum inclination occurs at the mag- 
netic poles, where the needle is vertical, 
and at about half-way between these poles 
the angle of inclination is zero, the needle 
lying horizontally. 

A complete knowledge of the earth's 
magnetic field at any place is Usually 
obtained by three distinct measurements 
by which what are known as the magnetic 
elements of the place are determined. 
These magnetic elements are : 

The declination or variation ; the 
inclination or dip ; the horizontal com- 
ponent of the magnetic force, usually 
called the horizontal force. 

Such measurements have been made at 
various points on the earth's surface, and 
the results embodied in charts. The 
chart for the variation is an extremely 
important one for mariners, as without 
making due allowance for the variation 
navigation on long ocean voyages could 
not be carried on. Fairly good measure- 
ments of the magnetic elements may be 
made with comparatively simple appar- 
atus, but for their determination with 
high accuracy more elaborate arrange- 
ments are necessary. 

TERTIARY WINDING. An auxiliary 
winding sometimes incorporated in trans- 
formers for such purposes as stabilizing 
the neutral potential, preventing har- 
monics, etc. See also Static Frequency 
Changer ; Transformer. 


TESTS AND TESTING : INSULATION, JOINT 
AND MAGNETIC 


By C. L* Lipman, A.M.I.E.E. 

This section covers the whole ground of testing in electrical work and deals 
with insulation, joint and magnetic testing, in particular. It should be read 
in conjunction with Faults and Fault Location in Motors and Cables, and 
with the article that follows on Testing Sets and Testing Instruments. See 
also under the names of individual tests as Flash Test ; Blavier’s Test ; Hop- 
kinson Test ; Insulation ; Loop Test ; Short Circuit ; and Varley's Loop Test. 


All classes of electrical work are sub- 
jected to tests of some kind or another. 
They embrace the raw or composition 
materials to ascertain their electric or 
magnetic properties, and the finished 
apparatus, machines, cables, or complete 
installations, to determine their perform- 
ance, efl&ciency and general compliance 
with the various clauses of the appro- 
priately prescribed specifications. 

The reasons fpr testing are many and 


varied, but the following are of practical 
significance : 

(A) Prevention of Breakdowns, Break- 
downs mean loss of output and incon- 
venience, and may cause damage to 
apparatus and injury to individuals. 

(B) Detection and Location of Faults, A 
fault should be detected in its incipient 
stage and its position located with mini- 
mum delay and by simple and economic 
means. 
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{€) To effect Savings in Power Bills. 
Much plant operating expenses can be 
often saved by simple testing to determine 
whether motors are properly loaded, loads 
balanced, and, in the case of A.C., the 
power factor conditions of a given circuit. 

Testing to be effective must be carried 
out in a systematic manner in accordance 
with established proved methods for each 
class of work, and by the use of measuring 
and testing instruments specially designed 
for the purpose. 

Cbmmercial testing of D.C. circuits is 
comparatively simple, and is mainly con- 
cerned with the measurement of current 
in amperes, pressure in volts, power in 
watts, energy in kW-hours (or Board of 
Trade Units) and resistance in ohms. 
Whereas the testing of A.C. circuits in- 
volves, in addition to the above, the 
measurement of power factor, inductance, 
capacity, impedance, reactive power, ap- 
parent power, frequency and wave form. 

The majority of the electrical quantities 
mentioned above can be measured by 
means of direct reading deflectional type 
instruments in whicli the pointer moves 
over a graduated scale, the instrument 
being previously calibrated in the required 
units ; for example, those described under 
the headings Ammeter, Voltmeter, Watt- 
meter, Frequency Meter, etc. Other 
quantities are determined by the “ zero 
method, i.e. by means of Bridges or 
Potentiometers (q.v.), where the unknown 
is balanced against a known quantity of 
the same kind or the equivalent. The 
latter method is universal in its applica- 
tion and is capable of precision accuracy, 
if due care and precautions are taken. 

Of the testing processes commonly 
employed, the insulation, joint and mag- 
netic testing are of considerable practical 
importance, and these will now be con- 
sidered under their respective headings. 

Insulation Testing 

All electrical apparatus and plant have 
to be tested for insulation and dielectric 
strength, i.e. resistance to breakdown by 
high voltage. 

House and industrial wiring installations 
are subjected to insulation resistance tests 
only. The latter tests are carried out with 
an insulation testing set, e.g. a Megger, in 
the manner illustrated and described in 
Fig, I, page 8io. It will be noted that 


in order to test an installation thoroughly 
it is necessary to apply a test between 
conductors, as well as between each 
conductor and earth. 

The insulation resistance is measured 
quantitatively by the application of a D.C. 
voltage of the order of 500 volts for a 
period sufficiently long for the needle of 
the testing instrument used to become 
steady. The method of testing the insula- 
tion resistance of a D.C. motor is illus- 
trated in Fig. 2, page 810. 

The insulation resistance of industrial 
and mining wiring installations and 
machinery should be tested at regular 
intervals, and the results, and comments 
relating thereto, recorded in a suitably 
arranged log-book. A useful entry is the 
state of weather, as this may affect the 
readings of insulation resistance obtained. 

H. V. Tests. The “ high voltage ” or 
“ flash ” test to earth, which is designed 
to determine the factor of .safety of the 
insulation, is carried out with an alter- 
nating voltage, usually at 50 cycles per 
second, and for the period of one minute. 
The value of the test voltage depends on 
the working or rated " voltage of the 
.system, on the type and nature of the 
apparatus to be tested, etc. Suitable 
values are given in the corresponding 
B.S.I. Specifications [see page 521)1 and 
the.se should be consulted, in each in- 
dividual case, before making the tests. 

The wave form of the test voltage curve 
.should be as nearly sinusoidal as possible. 
For a pure sine wave voltage the crest 
value is 1-41 times the R.M.S. value, and 
care should be exercised not to exceed 
this to any great extent. For most 
machines the R.M.S. value of the test 
voltage is 

I. 000 PLUS TWICE RATED VOLTAGE 
with a minimum of 2,000 volts. 

Certain apparatus, e.g. transformers, 
should be subjected to higher test voltages 
than the above, namely 
2,000 PLUS 2i TIMES RATED VOLTAGE 
in accordance with the relevant B.S.I. 
Specifications. 

The high voltage test is commenced at 
about one-third of the test voltage, and 
the voltage is then increased as rapidly as 
possible, the rate of increase depending on 
the ability of the measuring instrument to 
indicate the voltage. The full test voltage 
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is then maintained for one minute, after 
which the voltage is rapidly diminished to 
oneHhird of the full value and then 
switched off. 

In the case of voltage transformers, the 
insulation between turns is also tested by 
means of an “ induced '' high voltage test, 
usually wuth twice the rated voltage at 
twice the rated frequency. 



Joint Testing test and testing. Fig. 1. set for earthing 

continuity tests. 

The quality or condition of a joint scii/om/ lucctncai instrummii., ua 

between two or more conductors is judged 
by the resistance it offers to the flow of an 
electric current. For the purpose of this 
section, the term “ joint ” includes also 
the bonding of rails and conduits, earth 
plate contact with the soil, and the 
contacts of circuit breakers and contactors 
when they are closed. A defective joint is 
thus characterized on the one hand by a 
high volt drop, and on the other liand by a 
high power loss resulting in excessive 
heating. The latter may be transmitted 
to adjacent parts of the apparatus or 
structure, and so cause temperature rises 
which may fall outside the safe working 
limits. 

This point emphasizes the importance 
that should be attached, for example, to 
the use of joint boxes in the mains of a 
town distributing system, which, while 
being economical in space, permit of the 
jointing of the conductors in such a manner 
that a tlioroughiy good electrical con- 
ductivity will be obtained between the 
fittings and the cable conductors. 

Joint testing is tnereiore primaiiJy con- resistance of a jomt j. s is shunt, 

cemed with the measurement of low , , „ ■ i .. c i • i i ... 

resistances. The simplest practical method through tiie shunt S, which latter 

of measurement for small and medium connected to the rnoving coil so as to 

resistances consists in measuring the nieasure the curreiit when the change-over 

voltage drop when a known current is switch on the instrument is in the 

passing through the joint in question. amperes position Immediately after- 

This requires an ordinary direct current wards the switch is turned to volts so 

ammeter-voltmeter testing set together as to read the voltage drop across J, and. 

with a D.C. source of supply. proyidcd there has been no change rnean- 

A convenient portable testing set for while in the value of the senes current, 

this purpose consists of one sensitive the resist^ce of joint J is calculated from 

moving-coil instrument, capable of being ratio— where V is the reading with 

used either as an ammeter or a milli- A 

voltmeter or voltmeter (Fig. i), and switch to “ volts,*' and A is the reading 

provided with a number of standard with switch to * amperes. method 

shunts and series resistances. Fig. 2 of testing^ is known as the Fall of 

shows the instrument connected up so as Potential " method. 

to measure the low resistance of a joint, J. The joint resistance can also be measured 

A suitable current is passed through J, by a direct reading instrument, e»g, the 
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* Ducter ” low resistance testing set, 
having five ranges and covering resistances 
from 5 ohms down to i microhm. Low 
and medium resistances arc also deter- 
mined by the “ nul '* or “ Zero method 
of testing the apparatus working on the 
Wheatstone bridge principle (sec also 
Ohmmetcr). 

Track Bond Tests. For traction work 
a rail bond testing set is employed. This 
comprises a contact arm, usually 5 ft. 
long, which is furnished with two fixed 
contacts, one at cither end, and a third 
contact about i ft. from one end, and the 
instrument, with all the apparatus neces- 
sary for making complete tests, including 
a moving-coil type galvanometer. The 
contact arm is placed on the rail so that 
the bond is between the two contacts 
spaced one foot apart, a length of solid 
rail being between the middle and other 
outer contact. 

Three leads arc brought from these 
contacts to the instrument. By means of 
the milled head on the instrument the 
index is moved ov^r a scale graduated in 
terms of length of solid rail. The bond 
resistance is thus read off direct as being 
equivalent to so many feet of solid rail. 
If desired, the actual resistance of the 
bond in ohms can readily be determined. 

If no track cm rent is available, testing 
current from a few storage cells can be 
injected into the rail. 

In wiring installations where metallic 
sheathing or conduit is used, it must be 
electrically and mechanically continuous 
and connected to earth. Tlie value of i 
ohm is that given by I K.E. Regulations 
for the maximum resistance of an earth 
connexion between any two points. 

The earth plate '' resistance to earth is 
measured by an “ earth plate " testing set 
employing auxiliary electrodes, c.g. Megger 
earth tester. I'he latter gives readings of 
the resistance to earth directly in ohms, 
the readings not being affected by soil 
electrolysis or vagabond currents. The 
resistance to earth .should be initially low 
and successive periodic tests should con- 
tinue to give low readings. 

Continuity Tests. In everyday com- 
mercial practice a large proportion of 
joint testing is concerned with the proof 
of “ continuity '' of an electric circuit. 
The majority of continuity tests arc of a 



TEST AND TESTING. Fig. 3. Buzzer type detector 
for continuity testing. M is electro-magnet, a steel 
reed, C contacts. 


qualitative, and not quantitative, char- 
acter. This feature permits even 
simpler and less expensive testing appara- 
tus being employed ; often a simple 
buzzer (^.7;.) or telephone detector is 
sufficient. In view of their great practical 
value to manufacturers and contractors, 
continuity and open circuit tests require 
detailed consideration. 

A very simple arrangement of a buzzer 
type detector is illu.strated in Fig. 3. It 
consists of a small electro-magnet, M, a 
steel reed, and a pair of contacts C, of 
which one is fixed to the frame and the 
other free to vibrate with the reed. This 
mechanism is mounted on the top of a 
small portable case containing a 4-volt 
dry battery and a pair of terminals, to 
which the circuit to be tested is connected. 
A common application is illustrated in 
Fig. 4. The circuit to be tested is assumed 
to contain the winding of an ammeter, the 
current coil of a wattmeter, an overload 
relay and a resistance, representing say a 
length of leads, there being at least six 
joints in all, soldered or otherwise. The 
buzzer is connected to the two ends of the 
circuit as shown. 

If the joints are satisfactoril}?' made a 
current will flow through the circuit, and 



Fig. 4. Application of buzzer detector of Fig. 3 to 
testing ammeter winding, current coll of wattmeter, 
overload relay an^ a r^Siistanpe in s^ri^q. 
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^ ^ ‘v measuring magnetic indue- 

' tion is by means of a 

ballistic galvanometer {see 
Ballistic Method). 

The magnetic strength 
obtained by the specimen 
can also be determined, 
though roughly, from the 
^ / tractive force which it 

exerts. The traction 

TEST AND TESTING. Fig. 6. Apparatus In the form of direct reading Wheat- P^rmeameter Or magnetic 

stone Bridge, specially designed for testing lightning-conductors. No special balance mcaSUrCS the pUU 
skill or calculation is necessary,^ thejw Indicated on the dial, required tO Separate tWO 




therefore through the coil of the electro- 
magnet M, and the reed will vibrate, 
emitting thereby a peculiar note. Silence 
of the buzzer obviously indicates an open 
circuit. The device is also sensitive to 
changes in the circuit conditions. If, for 
example, the resistance R is shorted out 
a higher current will flow through the 
coil M and the pitch of the note emitted 
by the reed will change accordingly. 

Another useful circuit detector consists 
of a portable milliammeter in series with 
a high limiting resistance (usually pro- 
vided with tappings) and self-contained 
with a 4-volt dry battery and a pair of 
leads. A defective or intermittent joint 
in a circuit is detected by the unsteadiness 
of the deflection of the needle of the 
measuring instrument. The circuit tester 
is usually provided with a double scale, a 
current scale in milliampcres and a resist- 
ance scale in ohms. 

Magnetic Testing 

Industrial magnetic testing is chiefly 
concerned with the determination of the 
magnetic properties of ferro-magnetic 
materials. A knowledge of the magnetic 
induction, flux density, permeabili- 
ty and hysteresis loop of a given 
magnetic substance is of consider- mMO 
able practical impor- 
lance. Most magnetic 
measuring i n s t r u- ^ 
ments are designed f W 
with a view to testing I 
comparatively small IH 

specimens only. The 
latter take various 

forms and dimensions o* direction 

, .1 ascertaining direction of 

aClCOitCiing to the ap- Elllottllnk pattern curren 
n^tUS, employed. the current p«..lngthr 


flicateaontheoiai. j-gq^ij-ed to Separate two 
magnetized surfaces ori- 
ginally in contact, and this is equated to 

B^A 

-Q — dynes, where B is the flux density 

O IT 

and A is the cross-sectional area of the magnet 
specimen in sq. cms. 

The flux can thus be readily estimated. 

A direct reading fluxmeter (q.v.), due to 
Grassot, can be used as an alternative to 
the ballistic method in any of the ballistic 
induction tests. I'he instrument, which is 
of the moving-coil type, is used in conjunc- 
tion with a search coil, made flat for 
difficult situations, the underlying prin- 
ciple being that the instrument needle 
deflects until the energy received ballis- 
tically has all been absorbed by the 
electro-magnetic damping of the move- 

ment. The 

( reading is inde- 
pendent of the 


Fig. 6. Elliott direction-finder apparatus (Shotter patent) for 
ascertaining direction of current flow, designed for use with the 
Elliott link pattern current transformer, as thown, which measures 
the current passing through the links In distribution boxes, 
BUiett BroM. (London), Lid. 
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resistance of the coil circuit, for the 
quantity and the damping control increase 
or decrease in the same proportion. 

The permeability, denoted by m, is 
measured by means of a permeability 
bridge {see Permeameter and Permeability 
Bridge). 

The permeability curve is obtained by 
plotting the permeability against the 
magnetizing force (H) applied to the speci- 
men or against the flux density (B). The 
ballistic galvanometer and the hysteresis 
tester enable the hysteresis characteristics 
to be obtained. See further under Hys- 
teresis Tests. 

The various magnetic quantities may 
also be determined by means of a deflcc- 
tional type magnetometer. The magnetic 
strength of the specimen is estimated 
from the magnetic field which it produces 
at some point, a magnetic compass needle 
being placed at this point so as to be 
deflected by the field produced. 

Workshop Flux Tests. Another 
category of magnetic testing is concerned 
with the workshop determination of the 
total flux or field strength and the polarity 
of permanent magnets as used in the 
manufacture of electrical measuring in- 
struments. In order, for example, that a 
givan type or class of moving-coil perma- 
nent magnet measuring instrument 
manufactured in large quantities may 
give the same performance in each indi- 
vidual case it is essential, amongst other 
conditions, that the permanent magnet, 
usually of U shape, employed therein 
should give a field strength which is as near 
the average value as is practically possible. 


The simplest form of workshop flux- 
meter for this purpose is a moving-coil 
d'Arsonval type instrument in which the 
field magnet is replaceable by the magnets 
to be tested. The moving coil in series 
with a suitable resistance is energized 
from a source of constant voltage. In 
commercial practice a knowledge of the 
relative and not of the absolute field 
strength is required and the scale of the 
magnet tester may therefore be graduated 
in convenient arbitrary units. Moreover, 
a red line is usually marked at an appro- 
priate point on the scale to indicate at a 
glance the performance aimed at. If the 
needle of the instrument tends to deflect 
in the opposite direction it shows that the 
polarity of the magnet is reversed. It is 
usual to mark the north pole of each tested 
magnet with the deflection or field 
strength figure. 

Permanent magnets with small air-gaps, 
for example, bottle-shape magnets which 
are largely employed in integrating meters 
and instruments for damping purposes, 
are commercially tested by rotating an 
aluminium disc with a certain impetus 
between the jaws of the magnet, and then 
measuring the amount of its travel or the 
time taken before coming to rest. 

Finally, a small magnetic compass is 
very useful in industrial practice for the 
purpose of detecting the presence and the 
direction of stray magnetic fields. For 
example, switchboard instruments of the 
dynamometer type may read in error if the 
cast iron or pressed steel case in which they 
are mounted becomes for some reason 
magnetized or " polarized." 


TESTING SET & TESTING INSTRUMENTS 

By C* L* Lipman, A.M.LE.E. 

This section deals with testing instruments used for direct and alternating 
current measurements, the preceding article being concerned with insulation, 
joint and magnetic tests. For insulation testing sets see Megger and Ohmmeter. 
See also Instruments ; Meters. 


Testing sets arc designed for the rapid 
and accurate measurement of electrical 
quantities such as current, voltage, resist- 
ance, etc., and comprise one or more 
testing instruments, together with all the 
necessary accessories. 

Testing sets are provided with ready 
means for varying and extending the 
ran^e of measurement, and at the same 


time they are light, portable and, in 
general, self-contained. Testing sets are 
classified cither according to the functions 
they perform, e.g. insulation testing set, 
power factor testing set, lamp testing 
set, valve testing set, cell testing set, etc.: 
or alternatively according to the degree 
of accuracy which they are capable of 
giving, e.g. precision, sub-standard or 
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TESTING SET. Fig. 1, Standard test set of the double- 
instrument pattern. 

lUlioll litO'i. {iMiiilon), IJil 


commercial , tirade testin,{^ sets l)v B.S.I. 
classification. 

Some testinjj sets can be used on both 
direct and alternating current circuits, and 
are known as D.C. and A.(', testing i^ets ; 
others are only suitalile for direct cunenf 
circuits — D.C. testing sets, or for alter- 
nating current circuit'^ - ■ A. C. le^ting sets. 

D.C. Testing Set. A tyi^ical sub-standard 
grade testing set for the measurement of 
direct current and \'oltage is illustrated in 
Fig. I. It consists ot two moving-coil 
instruments mounted in the .same case, 
thus pos.sessing the advantage of enabling 
simultaneous ol)ser\'atious ot current and 
voltage to be made. 

The instruments are dead beat and are 
jirovided with a metal mirror to enable 
accurate readings without jiaralla.x to be 
taken. 

The current shunts, which are designed 
with a view to convenience in connecting 
up, are arranged in one side of the carrying 
case, the tw'o instruments and the volt- 
meter resistances in the other. 

The movements are shielded from stray 
magnetic fields. The usual range of such 
a set is from a few millivolts to 600 volts, 
and from a few milliamperes up to 600 
amperes. 

The testing instrument illustrated in 
Fig. I, page 1,254, is another example. The 
apparatus is somewhat simpler, having 
only one measuring element, but it po.s- 
sesscs the disadvantage that no simul- 
taneous readings of current and voltage 
are possible, 
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A.C. Testing Set. A diagram of a first 
grade testing set for A.C. commercial 
measurements, comprising an induction 
type ammeter, voltmeter and wattmeter 
with long circular scales and a moving- 
iron type power factor meter with complete 
360 degree scale is illustrated in Fig. 4^, b 
and c on the Plate. The current and 
voltage ranges can be extended by means 
of .suitable multi-range current and voltage 
transformers. The set is particularly 
.suitable for testing A.C. motors, refriger- 
ators and domestic appliances. 

In practice, when a case of trouble 
arises, the ability to make a complete 
analysis of the circuit conditions is very 
helpful. A knowledge of the j)Ower factor, 
j)ower, direction of ])ower flow, current 
and voltage leads to a quick solution of 
the problem under investigation. Similar 
sets are available for ii.se on })olyphase 
circuit, with balanced or unbalanced loads. 
The set can be loft in circuit under full 
load continuously. 

The power factor meter offers a ready 
(heck on the wattmeter, ammeter and 
voltmeter readings. The single-phase set 
can be used on one jdiase ot a two-])hase 

3- or 4-wire circuit, or on a three-pha.se 

4- wire circuit, where the load is balanced. 
The readings of th(‘ wattmeter are then 



Fig. 2. Diagram of connexions tor four-instrument 
A.C. portable set. 

Sttlder Hron and Ihowpaon, Ltd. 
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rig 3 (a). Internal connexions ot 

G.P.O. set. Exterior view of this set 
IS given at bottom of page. 

Fig 4 (a). Indicating standard testing 
set for A C meters ^b) Voltage connexions, 
(c) Current connexions. 
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TESTING SET 


multiplied by two or three respectively 
Alternating current testing sets are also 
made in combinations of three or only two 
instruments, according to requirements. 

D.C. and A.C. Testing Sets. Universal 
testing sets usually comprise moving-iron 
ammeters and voltmeters and dynamo- 
meter type wattmeters. Moving-coil 
instruments can also be used on alter- 
nating current circuits in conjunction with 
suitable rectifying devices. 

A typical examjde is the so-called 

G.P.O. Detector No. 4,'' illustrated in 
Fig. 3 on the Plate. This is a miniature test 
set specially designed to the British Post 
Office Engineering Department’s require- 
ments for general cable, line, telegraph, tele- 
phone and supply testing. The terminals 
and the range-changing switch are mounted 
on the bakelite top of a sheet iron case. 
The internal wiring diagram is illusl rated in 
Fig. 3^. The movement is standardized 
for 10 milliam])(^rcs at 100 millivolts, and 
the resistance of the voltage ranges is 
100 ohms per volt. External resistances 
are made up in loo-volt units and arc 
screwed on to terminals 2 and 3 to extend 
the voltage ranges of the instrument. 
External shunts are used between ter- 
minals 2 and 4 for currents above 500 
milliampores. 

In order to render the instrument suit- 
able for A.C. measurements a separate 
rectiticr unit is supplied for connexion to 
terminals 2 and 4 of the indicator. The 
rectifier attachment has three ranges — 
15 M.A. and 150 and 300 noUs. 

The limitation of a reclilier type instru- 
ment is that it will read correctly only if 
the wave form is sinusoidal. Moving- 
iron ammeters and voltmeters must 
therefore be used for the correct measure- 
ment of R.M.S. values of currents and 
voltages of peaky wave form obtaining 
when magnetically saturated iron is 
present in the circuit under test. 

Lamp Testing Instruments. These are 
designed for the rapid testing of incan- 
descent lamps and consist usually of a 
voltmeter and wattmeter mounted in one 
case. The movement is of the dynamo- 
meter type for use on D.C. or A.C. and is 
fitted with efficient air damping, rendering 
it dead beat. The instrument is housed 
in a teak case, with leather strap handle 
and fitted with lamp holder, fuse, length 


of flexible lead and plug. It is spring 
controlled and can therefore be used in 
any position. The lamp testing wattmeter 
is often provided with two voltage and 
two current ranges, enabling lamps of all 
sizes to be tested. 

Cell Testing Voltmeter. For the rapid 
measurement of the E.M.F. of wet and 
dry cells and the determination of the 
polarity of their terminals. The instru- 
ment is of the moving-coil dead beat type 
arranged for either side or centre zero scale 
and designed for accurate readings when 
used in any position. The following are 
typical ranges : 3-0-3 volts ; 15 -0-15 volts ; 
and 0-30 volts. The cast aluminium 
case is heavily coated with bright black 
acid-proof enamel. The complete cell 




TESTING SET. Fig. 6. D.C. combined voltmeter and 
ammeter testing set. Above exterior of set with cover 
raised. Below diagram of internal connexions. 


b'eiranti. Ltd 
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TETRODE 


testing voltmeter includes contact spears 
and about 3 feet of a rubber insulated 
flexible lead. 

TETRODE. Alternative name for four- 
clectrode valve (q,v.). 

THEATRE MAIN. When an indepen- 
dent source of power supply was available 
it was drawn upon by theatres and other 
places of entertainment in accordance 
with the requirements of the L.C.C. and 
other local authorities for secondary 
lighting and power, in the event of failure 
of the ordinary supply. This secondary 
supply was provided by special mains 
generally spoken of as theatre mains, 


coupled up to independent generators. 
Completely independent sources of supply 
have now generally ceased to exist and 
the official requirements are met by the 
methods described under the heading 
Emergency Lighting. 

THERMAL MAXIMUM DEMAND IN- 
DICATOR. A thermal M.D.I. is used for 
measuring maximum kVA demand in an 
A.C. circuit, and to all intents and pur- 
poses it is a maximum reading thermo- 
meter scaled in amperes. See Maximum 
Demand Indicator. 

THERMAL OVERLOAD RELEASE. 

See Overload Relay. 


THERMAL STORAGE FOR WATER AND COOKING 

Ey L. J. Luffingham 

The heating methods considered in this section are distinguished by their 
economical basis, the main purpose being to spread the load in both water heating 
and cooking. For the ordinary methods, see Looking; Heater ; Immersion 
Heater ; and the general sketch under Water Heating. 


In general, electrical energy cannot be 
economically stored as such. In some 
applications, however, where electricity 
has to be converted into heat it is 
practicable to effect the conversion and 
store the thermal energy thus released. 
This is done in thermal storage hot water 
installations, in the thermal storage type 
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conteJner ' — > 
Cork lodging— 

Tinnedcopper- 
tank. 
Hoatmq • 
e/ements(TioQ^ 
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Flow tube 
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Inlet Outlet 


thermal storage. Fi(. 1. 

U*galtort water heater. 

4 AHw Kt^ciric, Ltd. 


* Sadia" 


cooker, and sundry industrial application."!. 
The essential advantage of the system is 
that it allows electrical energy to be used 
as and when convenient to supply the heat 
storage reservoir, while the heat supply 
can be drawn on as and when convenient 
to the purpose being served. The import- 
ant economic advantage of this lies in 
the fact that electricity can (commonly) be 
purchased much more cheaply under con- 
ditions which do not increase the peak 
demand. 

There are 
two classes of 
thermal stor- 
age installa- 
tions for do- 
mestic hot 
water supply : 

(i) the seif- 
cont ained 
tank or heat- 
er; and (2) 
conversions of 
existing hot- 
water installa- 
tions to elect- 
ric heating. A typical heater of the first 
class is shown in section in Fig. i. It com- 
prises an inner storage tank, fitted with 
low loaded immersion heater auto- 
matic thermostat controlling the electricity 



Fig. 2. Sketch showing appli- 
cation of Immersion heater to 
conversion installation. Tank 
should be lagged. 
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THERMAL STORAGE. FIs- 3. (a) Heatinc 

circuit arrangement with boiler below level or 
storage tank. (6) Low-tension steam generator 
in section. 

General Electric Co., Ltd., o1 England. 
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Fig. 3 (a) 
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supply, a wall of heat-insulating material 
completely surrounding the container, an 
outer case, and the necessary cold and 
hot water pipe connexions, taps, etc. 

Operation is entirely automatic. Assume 
the tank full of hot water and the thermo- 
static switch cut off ; then, when hot water 
is drawn off, a corresponding volume of 
cold water enters at the bottom. With a 
properly baffled entry this will not mix 
to any extent with the hot water remain- 
ing, but it will affect the thermostat and 
current will be switched on. As soon as 


the fresh cold water has been raised to the 
pre-set temperature, the thermostat will 
again cut out. This automatic replenish- 
ment goes on continuously, day and 
night, giving an ever-ready 
supply of domestic hot water. 

\ Electric water heaters of this 


Fig. 3 (6) 




WATER 

LKVIL 
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Fig. 4. Electric storage 
heater used in conjunc- 
tion with existing coal- 
fired boiler. In summer, 
the electric heater 
maintains supply with- 
out overheating the 
kitchen. In winter, if 
the coal fire maintains 
sufficient hot water, 
electric heater is auto- 
matically cut off. 


Siemens Electric 
Lamps A Supplies, 
Ltd. 


type are made in a range of sizes from 
gallons up to 30 gallons, and larger. As a 
rough guide, 500 watts loading is used in 
the smaller sizes ; i kW for 10 gallons, 
increasing pro rata 100 watts per gallon. 
Various patterns are made, such as the 
“ push-through type for single points of 
supply ; pressure and semi-pressure types 
for multiple supply points ; self-contained 
heaters with their own cold water cistern^ 
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Fig. 6. Diagrammatic 
section of semi- 
pressure storage water 
heater, acting with 
almost the speed of a 
geyser. 

Santnn, I hi 

Fig. 5 
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Fig. 7. 


Uirculator with lagged 
jacketted cylinder. 

I*. Utu^on & Companu 


pipe and 


unr-urS ^ THERMAL STORAGE. 

KrrocN biNK p,^ 5 internal construc- 

tion and lay-out of water heater. C is union for expan- 
sion pipe connexion ; D, expansion pipe ; E, additional 
hot water outlet , F, cold water ball valve tank; 
G, head of water ; H, cold water feed ; 1, immersion 
heater ; J, removable bottom plate for cleaning ; 
K, cable inlet brush , L, baffle for spreading cold 
water ; T, thermostat. 

FAcctric Vires. Ltd 

for direct connexion to the water main ; 
night-time heaters, taking electricity at 
night-time only ; and lagged and unlaggcd 
tanks arranged for manual control. 

A conversion hot water installation is 
shown in Fig. 2 . In this an electric im- 
mersion heater, with thermostat, is in- 
serted in the existing domestic hot water 
tank. The tank must be heat insulated 
to prevent loss of heat, or very inefficient 
operation may result. Operation is 
automatic as described above, or by manual 
switching, in which case electricity is 
switched on when it is desired to heat up 
the water, as for a bath. The latter 
arrangement effects economy in energy 
consumption, but does not give continuous 
hot water service, as with automatic con- 
trol. Conversion installations (and also 


j)rcssure tyj)e self-contained tanks) can be 
arranged to work in conjunction with 
existing saddle-back and independently 
fired ])oilers, no electricity being consumed 
when the latter are in op)eratio7i. Broadly 
speaking, this gives fuel-fired hot water 
service in the winter and electric hot water 
service in the summer, a convenient and 
economical arrangement. 

In substitution of plain immersion 
heaters, circulators are frequently em- 
ployed. These are available in a wide 
variety of designs, the basic idea being 
that water in the immediate vicinity of 
the immersion heater is kept from mixing 
with the remainder of the water in the 
storage tank by cylindrical or other 
baffles, and is delivered at full temperature 
straight to the top of the tank. It can 
then be drawn oil immediately for use. 
In this way hot water, in small quantities, 
can be had quickly a few minutes after 
switching on electricity, even though the 
rest of the water in the tank is cold. 

Thermal storage hot water installations, 
are also used in industrial and commercial 
applications for hot water supply, heating 
buildings, and so forth. Loadings of 
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THERM AL STORAGE. Fir. 7. “ Magnet " heal storage 
cooker. Top, the bifurcated cast iron heating block 
with one of the withdrawable heaters in position 


several hundred k^^'^s are not uncommon, 
and in some of the largest installations 
supply is given at extra liigh tension and 
utilized in electrode-type boilers, with 
calorifiers and large storage reservoirs. 

Thermal Storage Cooker. In the appli- 
cation of thermal storage to electric cook- 
ing a block of iron, weighing 2 cwt., is 
utilized as the heat reservoir. This has 
embedded in it an element of 500 watts 
loading, wliich is kept in circuit, practically 
continuously, day and night. The iron 
block is surrounded by thick heat lagging 
on all four sides, is covered on top by a 
similarly lagged hinged lid, the undersiile 
being left unlagged and constituting the 
top element of the oxen. An adjustable 
baffle is fitted to prevent the top heat in 
the oven being too fierce. A normal 500- 
watt bottom element is provided in the 
oven, with switch control so arranged that 
when the bottom element is switched on 
for cooking requirements the lieat storage 
block clement is switched off, and vice 
versa. In this way the maximum demand 


of the cooker can never exceed 500 watts, 
a point designed to appeal to supply 
authorities, as is also the steady, con- 
tinuous 24-hour load. 

The heat input to the storage cooker is 
so proportioned as to cover all cooking 
requirements throughout the day, includ- 
ing all losses, and to restore the cooker to 
full working capacity during the night. 
Boiling operations are carried out on top 
of the storage block, the lid being raised 
for the purpose, and one big advantage 
enjoyed by the thermal storage cooker in 
comparison with the normal type is very 
quick boiling, particularly first thing in 
the morning when the block is at maxi- 
mum temperature. To get the best out of 
the thermal storage cooker its manipula- 
tion technique must be studied ; it will 
then give satisfactory ever^^day service. 

Commercial success of the thermal 
storage cooker depends to a considerable 
extent on sup^ply authorities being willing 
to offer a lower tariff when it is used than 
is available for ordinary ty])e cookers. 
The very favourable nature oif the demand 
is justification for that preictice. Other- 
wi.se the thermal storage cooker will cost 
more to operate than an orthodox model, 
the consumj)tion being 12 units per day ; 
about three units a penny is an economic 
price. On the other hand, in rural areas, 
and in general where supply lines are light, 
a cooker with a maximum demand 
limited to 500 watts has obvious advan- 
tages. 

THERMIONIC AMPLIFIER. Term 
sometimes used in wireless for a three- 
electrode valve used as an amplifying 
valve. See Amplifier ; High-frequency 
Amplification ; Low-frequency Amplifi- 
cation ; Vahe. 

THERMIONIC CURRENT. The current 
which passes between the electrodes of a 
vacuum tube with heated cathode, such 
as a wireless valve. In its strictest sen.se 
it refers to the current in a valve in which 
traces of gas have been left, i.e. a soft 
valve, in which case the electrons emitted 
from the cathode collide with the gas 
molecules causing the ionization of the 
gas. In this state it acts as a conductor 
of electricity between anode and cathode. 

But in modern receiving valves all 
possible traces of gas are removed from 
the bulb and the current passing between 
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the electrodes is in the form of streams of 
free electrons. The term thermionic 
current has come to be general, applied 
to this case also, even though there are 
no gas ions present. 

‘ Any conductor when heated above a 
certain temperature throws off free elec- 
trons, this happening when the molecular 
agitation is sufficiently great to cause the 
electrons to break through the surface 
tension of the conductor. The tempera- 
ture at which emission commences depends 
on the material, and in modern valves a 
suitable choice is made to give free emis- 
sion at the lowest temperatures possible. 
For a comparison, the operating tempera- 
tures of cathodes employing three classes 
of materials are given : 

(a) Pure tungsten, 2,400 to 2,500 degrees 
absolute. 

(b) Thoriated tungsten, 1,800 to 1,900° 
abs. 

(c) Oxide " coated, 1,100 to 1,300° 
abs. 

The oxides referred to are those of 
barium, strontium and calcium, these 
being coated on the surface of a metal 
such as nickel or molybdenum. See 
Cathode ; Space Charge ; Valve. 


compared with that of a primaty cell. In 
the following table the metals are arranged 
in the reverse order to that just followed, 
and in the adjacent column is given the 
E.M.F. developed with each of these 
metals, and lead as a standard metal. The 
difference of temperature required to 
develop these E.M.F. 's is 100°, one of the 
junctions being cooled with melting ice 
(0° C.), and the other heated with boiling 
water (100° C.). 


Thermo-Electric Properties of The Metals 


Metal 

Voltage when paired 
with lead between 
0® and 100° C. 

-[-Bismuth 

-f -00682 volts 

Cobalt 

-h -00320 ,, 

Nickel 

-00246 ,, 

German silver 

-h -00148 „ 

Platinum (soft) 

+ •OOOI 2 - ,, 

Aluminium . . 

-j- *00006 ,, 

Tin 

-j- -ooooi 

Lead 

— 

Copper 

- -00017 M 

Platinum (hard) . . 

— *00022 

Silver 

— *00029 ,, 

Gold 

- -00033 

Zinc 

“ *00035 „ 

Iron 

- 00149 

— Antimony 

- •00463 


THERMIONIC VALVE. An ionic valve 
in which the source of free electrons is an 
electrode maintained at a suitable tem- 
perature by external means. A valve 
having two electrodes is sometimes called 
a diode ; one with three electrodes a 
triode ; and one having four electrodes a 
tetrode. See Anode ; Grid ; Valve. 

THERMO-ELECTRIC COUPLE. See- 
beck employed a copper-bismuth junction 
in his original discovery of the thermo- 
electric effect. Later he extended the 
experiment to other metals, and finally 
arranged a table of metals in thermo- 
electric order .as follows : Antimony, 
arsenic, iron, zinc, gold, silver, platinum, 
copper, lead, tin, nickel, cobalt, bismuth. 
This order only holds good for certain 
limits, and the structure of the metals, etc., 
must be taken into account. Bismuth 
and antimony, being farthest from each 
other in the list, are best for the construc- 
tion of thermo-electric combinations of 
pure metals. 

The actual electro-motive force of a 
thermo-electric couple is very small when 


In this table the positive sign indicates 
a current from the metal to lead across the 
hot junction. For any two metals in the 
table the E.M.F., under similar conditions 
of temperature, may be found by sub- 
tracting algebraically the voltage of the 
metal lowest down from that of the one 
above it. For the bismuth-antimony 
combination this gives -01145 volt, or 
about iJoth of the E.M.F. of a Daniell 
cell. 

Alloys may be used for thermo-electric 
purposes, and with some of these much 
larger E.M.F. 's are developed than with 
the pure metals. The position of various 
alloys in the thermo-electric series does 
not, moreover, follow the order which 
might be expected from the thermo- 
electric position of the metals whence they 
are formed. 

The Peltier effect enables us to trace 
out the source from which the energy of a ^ 
current flowing in a thermo-electric circuit 
is derived, for it is found that the direction 
of the current across the heated junction 
of the circuit is that which gives a cooling . 
Peltier effect. We have, therefore, the 
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Source of 
Heat 


THERMO-ELECTRIC COUPLE. 
Fig. 1. The junctions are ar- 
ranged in such a manner as to 
multiply theeffect of onejunction. 


current which is 
set up cooling 
the hot junction, 
whilst the exter- 
nal source of 
heat is supply- 
ing heat tending 
to keep up the 
temperature. 
Some of the heat 
energy supplied 
is therefore 
transformed to 
electric'current energy at the hot junction. 
At the cold junction, as a rule, the opposite 
effect takes place. The Peltier effect here 
is a heating effect, and some of the electric 
energy is thereby transformed back again 
to heat. Following a very general law, we 
see that the current flow tends to destroy 
the temperature difference which is neces- 
sary to maintain it. 

Thermo-electric Inversion. If a thermo- 
electric couple of two metals, say copper 
and iron, be taken, and whilst one of the 
junctions is kept at o° C., the temperature 
of the other junction is gradually raised, it 
will be found that the cur- 
rent generated gradually 
increases to a maximum. 



Fig. 2(a) 


Fig. 2. (a) Sensitive form of modern thermopile. 

(b> Thermo-electric couple sealed in glass bulb, as 


used In (a). 

KUiott Bros. (London), Ltd. 


and then decreases until at a certain tem- 
perature of the hot junction the current 
ceases altogether. If the temperature of the 
hot junction be raised still higher, the cur- 
rent is again set up, but in the opposite 
direction. This phenomenon, known as ther- 
mo-electric inversion, was discovered by 
Gumming in 1823. Subsequent investiga- 
tion has shown that when the current in 
such a circuit is a maximum there is no 
Peltier effect at the hot junction. Above 
this temperature the Peltier effect is re- 
versed. The temperature at which the 
Peltier effect disappears for any pair of 
metals or alloys is the thermo-electric 
critical temperature for those materials. 

Thermopiles. Thermo-electric batteries, 
or thermopiles, can be built up of strips of 
two dissimilar metals placed alternately 
in the circuit as shown in Fig. i. As the 
junctions have to be alternately heated 
and cooled, care must be taken that the 
odd junctions arc on one side and the even 
junctions on the other. If the former be 
heated and the latter cooled, on closing 
the circuit a current will be produced due 
to the thermo-electric E.M.F. generated 
by the arrangement. 

To increase the E.M.F. of the pile, it is 
necessary either to increase the tempera- 
ture difference or to increase the number 
of junctions. Fortunately, the general 
conditions are such as to render compact 
arrangements of numerous junctions pos- 
sible. Fig. 2 illustrates a sensitive form 
of modern thermopile as manufactured by 
Elliott Bros. (London), Ltd. 

A sensitive thermopile may act as a 
receiver to detect the heat energy of . a 
light beam, a low-resistance telephone 
being connected in place of the galvano- 
meter. The thermopile must have a very 
small heat capacity if the heat energy of 
a beam of light which falls upon it is 
being measured, the latter being vibrated 
by means of sound. But such a receiver 
has only a scientific interest, being con- 
siderably less sensitive than the selenium 
cell. 

Pyrometers. The thermo-electric effect 
is also extensively applied to the measure- 
ment of the high temperatures attained in 
furnace work. Various types of these 
highly efficient instruments will be foimd 
described under the heading Pyrometers 
(j.v.). See Peltier Effect ; Selenium Cell. 
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THERMO^GALVANOMETER 


THERMO-GALVANOMETER. Type of 
sensitive galvanometer which makes use 
of a thermo-couple to measure small 
alternating currents. The best known 
type of thermo-galvanometer is that de- 
vised by Duddell. 

The alternating 
current passes 
through a heater, 
near to which is 
placed one or 
more fine thermo- 
junctions, and the 
rise in tempera- 
ture due to the 
current is in- 
dicated on a 
moving-coil gal- 
vanometer having 
a high volt sensi- 
tivity. The deflec- 
tions of the gal- 
vanometer a r e 
virtually propor- 
t i o n a I to the 
square of the 
current through 
the heater. The 
instrument has 
practically no 
self-inductance or 
capacity, and can 
therefore be used 
on a circuit of any 
frequency, while currents as low as 
twenty microamperes may be readily 
measured. It can be accurately stan- 
dardized by continuous current, and can 
be used on circuits of any wave form ; it has 
a short period, and is very dead beat. 


THERMOMETER. All thermometers 
may be calibrated to read directly in any 
of the three customary scales of tempera- 
ture, namely, Fahrenheit, Centigrade, and 
Reaumur. For purposes of conversion it is 


of any temperature on the three scale.^ to 
be made at a glance. Sre (jalvanometer. 

THERMOPILE. 5 cc Thermo-electric 
Couple. 


Kelation of Thermometer Scales 


Ccnti- 

Heauimir 

I'ahren- 

Ceidi- 

Reaumur 

Fahreii- 

Centi- 

Reaumur 

Fahren- 

grade 

belt 

grade 

licit 

grade 

heit 

-» 7*7 

-14-2 

0 

20 

lO 

08 

1 13 

92 

23b 

-150 

— I 2-0 

3 

^3 

20 

77 

1 20 

96 
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— lO'O 

- S 
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30 

24 

86 
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1 20 
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— 3 
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-J 3 

33 

2S 

03 
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0 

3 ^ 
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3 - 
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1 

o-S 
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13 

3 b 

113 
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2 

!•(> 
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3 ^^ 

40 

122 
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280 

662 

3 

-’•1 

37 4 

3 3 

44 

1 P 

^oo 

520 

732 

4 

3 

3«r2 
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41 

03 
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3 .b 32 

h 
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3 b 

15.S 

3 
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7 
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1 rb 

73 
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^ ,000 
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7.232 

S 

4 


So 

b| 

170 
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,4.000 

9,032 

<) 

7 ‘- 

4V2 


OS 

iSs 

1 ) CXK) 

4.800 

10,832 

1 0 

S 

50 

i )0 

7 - 
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7 000 

3,000 
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1 2 

0 0 

3 F 0 

‘)3 

7b 

2(M 
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6,400 
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1 I 2 
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2 1 2 
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22 1 
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useful to remember that 9° F.=4° R. 

5^' C. In converting C. and R. 
degrees into F. degrees it must be 
noted that 32""' are to be added to 
the result of multiplication and vice 
versa for inversion, 32 must be sub- 
tracted before eflecting division, t.e. 

C-- - (F ' 3 i)or -f 32 , whilst R=-^ 

9 3 3 

The above table enables a comparison 
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THERMOSTAT AND THERMOSTATIC CONTROL 

By R, A* Baynton, B.Sc. (Eng.). A.C.G.I. 

One of the many departments in which the flexibility, accuracy and dependability 
of the electric method is unapproached by any other is here considered. A 
great variety of applications of control by temperature switches, both industrial 
and domestic, are mentioned, and the principal forms of thermostatic 
apparatus described. 


For many purposes it is essential to 
maintain the temperature constant at a 
given value or within given limits, and for 
many others it is a great convenience to 
be able to do so. It is not possible, how- 
ever, to maintain the temperature constant 


at a de.sired value for long periods of time 
without some form of automatic control. 
An instrument that performs this service 
is termed a thermostat. 

The underlying principle of all forms 
of thermostatic control is the same. The 
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controlled temperature is allowed to 
fluctuate between a maximum and a 
minimum value, the difference between 
these being known as the " differential 
of the thermostat. The smaller the 
differential the closer is the control. When 
the temperature exceeds the predeter- 
mined maximum, the supply of the fuel 
or energy to the heater is cut off or reduced. 
When, as a result, the temperature falls 
below the minimum value permissible the 
supply of fuel or energy is restored. A 
thermostat thus consists essentially of 
two distinct parts, that which responds 
to changes in temperature and that which 
controls the supply of fuel or energy, 
and is dep^endent on the former. Usually 
the thermostat is affected by tlie tempera- 
ture of its immediate surroundings, but 
certain types resj)ond to radiant heat. 

Of the various forms of thermostat 
available only those w'hich control the 
supply of energy by electrical means 
arc described below. When electrical 
heating is employed the regulation may 
be effected by the switching on or off 
of the supply, or by the variation of the 
resistance, or inductance in series with 
the heater, the former method being the 
more usual. The fuel supply of oil and 
gas fired furnaces may be regulated by 
magnetically operated valves, oil-burner 
relays, and fractional 
H.P. feed motors, and 
coke or coal fired fur- 
naces may be regulated 
by adjustment ot the 
ash-pit a n d c h e c k 
damp)ers, by controlling 
the feed w’ater, and, 
where the stoking is 
mechanical, by regula- 
tion of the sLippdy of 
solid fuel. 

Among the numerous 
industrial applications 
may be mentioned the 
temperature control of 
baking and process 
ovens and stoves {e.g. 
for japanning and 
enamelling) , annealing 
furnaces, flue tempera- 
tures, process tanks and 
vats, metal-pots, and 
calorifiers. Thermostats 


are also employed for regulating the air 
temperature of rooms and buildings (some- 
times called space-heating), for central 
heating installations, immersion heaters 
and storage tanks for domestic purposes, 
and the oven temperatures of electric 
cookers. No one thermostat is suitable 
for all the applications mentioned above, 
and many types have been develo])ed. 

The temperature sensitive portion of 
the thermostat, which actuates, either 
directly or through suitable levers or 
toggle-joints, the main or pilot contacts 
of the circuit controlling the heater, may 
consist of any one of the following : two 
rods with unequal coefficients of expan- 
sion (metal expansion stem) ; a bimetallic 
strij), spiral or helix; a “bourdon"' tube 
filled with a sensitive liquid, vapour, or 
gas ; a flexible diaphragm or bellows, 
filled with some easily vaporizable liquid, 
such as ethyl chloride ; or a thermo-couple ; 
or a resistance bridge. 

The switch contacts of these instru- 
ments, wdiich are in continual oj)eration, 
need to be carefully designed to prevent 
them from becoming defective after a 
short period of service. Where loads of 
more than a few hundred watts have to 
be broken the contacts must have a quick 
make and break action, either through 
toggle-joints or by employing some form 



THERMOSTAT. Fig.1. 
“ Drayton ” tempera- 
ture ' operated electric 
switch. Fig. 2. “ Satch- 
well ” room thermostat 
for factory heating 
control. 

Drii/jfnii I '. ■ ' lustru 

mr»t Co . ' ' I. ' f <■ H/iro 
static t'lmifii uu, I td 


Fig 2 
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Fig. 3 (b). 
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THERMOSTAT. Fig. 3 (a and b). 

Drayton room switch (right), and 
(above) schematic arrangement for 
hydro or pneumatic-electric con- 
trol. 

of magnetic snap-contact, 
such as that shown in 
F^. 3. To reduce the wear 
still further, heavy con- 
tacts should be employed ; 
the Drayton Regulator , 

Co. for this service employ ' 
large diameter discs oi 
silver-gold alloy embedded 
in heavy copper studs, so that a high re- 
sistance to wear is combined with good 
heat conductivity. Such contacts arc 


may be so arranged that contact is eithier 
made or broken on increasing temperaturei 
or made on both increasing and decreasing 
temperatures. 

A thermostat depending on the unequal 
expansion of two metallic rods is shown in 
Fig. I. This type is suitable for inserting 
through the walls of water heaters, ovens, 
ducts, furnaces and process heaters, and 
is obtainable in a number of different 
ranges up to i,8oo® F. The length of the 
tube depends on the maximum tempera- 
ture to be controlled, the scale range being 
inversely proportional to the length of 
the thermostat, as are the differentials, 
which with this type of instrument are 
comparatively large, being with some 
instruments, although not of that illus- 
trated, as much as 25° F. The instrument 
illustrated has a snap-action switch, and 
loads up to 10 amps., 250 volts A.C., may 
be wired direct to the switch. For D.C. 
the switch should be used only for light 
pilot circuits not exceeding 0*5 amp. 

Long thermostats should be used for 
the control of air temperatures, and if 
the air velocity past the thermostat is 
low the tube should be fitted with fins. 
Thermostats should never be used above 
1,000° F. without protecting pockets made 
from suitable material, according to the 
medium in which they have to work. 


suitable for capacities up 
to 15 amps., 250 volts on 
A.C. circuits, but for D.C. 
circuits, which maintain 
a destructive arc more 
readily, they arc suitable 
only for currents up to i 
amp. 

To control D.C.circuits 
carrying currents gre ater 
than I amp., a relay may 
be used with a snap-con- 
tact thermostat, or a 
mercury-in-glass switcl 1 
isee Mercury Switch) may 
be included in the thermo- 
stat. These switches are 
suitable for controllirii^ 
both A.C. and D.C. cir- 
cuits up to 15 amps., 250 
volts, and unless subjected 
to very heavy or periodic 
shocks are perfectly re- 
liable. The switching 



Above 1,000° F. thermo- 
stat sheaths have a very 
limited life, and it is ad- 
visable to keep spares. 
F or controlling t y p e - 
metal melting pots and 
for similar applications 
an offset model is obtain- 
able. 

For immersion water 
heaters this form of 
thermostat frequently 
forms part of the same 
head as the heater blades 
or core. Thermostats 
operated by helical bi- 
metallic strips, enclosed 
in cylindrical protective 
tubing, are rather similar 
in appearance. 

The form of thermostat 
illustrated in Fig. 2 is 
suitable for regulatings 
the temperature of rooitt$; 
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THERMOSTAT. Fig. 5. A Unity radiation thermostat 
Fig. 7. A differential expansion instrument. 
Salford Instruvirnts, l.td. JL Thulu Ilealtnu Ltd. 


and develop a high mechanical force but 
have a limited temperature range. 

For controlling air temperatures in en- 
closures, where heat losses are abnormally 
high, and which for this reason are warmed 
by radiant heat, a radiation thermostat 
such as that shown in Fig. 5 is suitable. 
This form of instrument must be so 
mounted that it is not screened from 
either radiant or convective effects. It 
is suitable for voltages between loo and 
250 A.C., but must be used with a relay. 

When public buildings or blocks of flats 
are warmed by central heating, it is im- 
possible to control the temperature at 
every point, and simple thermostats are 
of little use. For such installations, the 
Variostat, developed by the Drayton 
Regulator Co., is recommended. It varies 
tlie temperature of the whole heating 
system according to outdoor temperature. 

THIRD BRUSH CONTROL. Nearly all 
charging dynamos fitted to car lighting 
systems are of the third brush type. This 
may be described as the inherent method 
of current output regulation, the regula- 


in which the heat losses are normal, 
and the temperature of the air in 
bulk is raised. It consists of a spiral 
or thermostatic bimetal enclosed 
in a case perforated to permit free 
circulation of air, which ensures a 
rapid response to changes in tem- 
perature. Such instruments, which 
should be mounted about seven feet 



from the floor and out of the direct 
path of heat rays, have a differential 
of about ij® F., and may be pre-set 
to any desired room temperature. 

In the reverse view of the “ room- 
switch ” shown in Fig. 3 (a), the 
small but extremely powerful bias- 
sing magnets of the snap-contact 
switch can be seen clearly. A Circuit 
diagram illustrating the application of this tion being accomplished without the use 

and similar instruments to the control of of electro-magnets or a resistance, or of 

central heating installations, through an any other external fitment. The salient 

electro-magnetic pilot valve, is shown in features of this method of control are in- 

f ig. 3(6). A thermostat for regulating room dicated in Fig. i (on next page) which gives 

temperatures, which is operated by a the circuit diagram while in Fig. 2 the 

pressure cell, consisting of copper bellows third brush is seen, 

filled with ethyl chloride, is shown in Fig. 4, jhe field windings are of the ordinary 
A mercury-in-glass switch will be seen compound type, and the third brush is 

at the top pf the instrument. Vapour connected to the positive end of the shunt 

pressure thermostats are very sensitive winding on the left or north pole side of 
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To increase the dy- 
namo output by more 
than 2 or 3 amperes 
may cause insulation 
breakdown. 

Any falling off in the 
output of a dynamo 
should never be corrected 
j by adjustment of the 
third brush unless other 
possible causes have been 

. _ . investigated. It should 

motor-car dynamo brushes. Fig. 2 (right). Position of third brush seen in dy- firef ho n c o o r + n i r» p rl 
namo removed from M.G. “Midget." It is adjusted by slacking the locking aSCtriclineu 

nut and by rotating the brush gear, but charging rate with all lights must not whether the Commutator 
exceed 8 amperes • a- i 



\\\^ 

'■s'O 


THIRD BRUSH CONTROL. 
Fig. 1 (left). Diagram of 



the dynamo. The current collected by the 
third brush flows through the shunt 
windings and out to the main negative 


is dirty or worn, the 
carbon brushes are scored, the brush 
springs weak, or the external connexions 
loose or dirty. 


terminal. As the current flow's from the 
negative brush through tlie series-parallel 
armature it is divided, and half flows 
through one series of armature w'indings 
on the left of the figure, and half through 
the remaining armature windings on the 
right. As the third brush, vvhicli collects 
positive current, is disposed some w'ay 
ahead of the main positi\'e brush, only part 
of the current flowing on the left-hand side 
of the armature is led through the field 
windings, that is, some of the armature 
W'indings are cut out of the shunt circuit. 

As the speed of the armature increa.ses 
the lines of force j)roduced by the field 
magnets distort in such a way that the 
current passing through the held windings 
diminishes and the field becomes weaker, 
thus neutralizing the greater current 
production due to higher speed and main- 
taining the output virtually constant. 

To increase the output the third brush 
is moved farther away from the main 
negative brush. Thus a larger number of 
armature windings between the main 
brushes are brought into use. The 
strength of tlie current pa.ssing through 
the held windings is therefore increased, 
and the magnetic field becomes correspond- 
ingly stronger. Conversely, the dynamo 
output is reduced when the third bru.sh 
is moved nearer to the main negative 
brush, thus reducing the current passed 
through the shunt field winding. 

The position of the third brush should 
be altered very little at a time, as the 
variations in output for a small adjustment 
are considerable. 


This method of control is mainly 
employed for motor-car and train-charging 
dynamos. Sec Shunt Wound Generator. 

THIRD HARMONIC. When a rectangu- 
lar loop of copper is rotated at a constant 
speed in a jicrfcctly uniform horizontal 
magnetic field, a simple sine wave of 
E.M.F. will be generated in the copper 
in each complete revolution ; i.c. the rate 
of cutting of magnetic lines at eacli 
instant will be proportional to the sine 
of the angle of the position of the loop at 
the instant, as measured from the vertical 


position. 

In practice, how'ever, the conditions of 
a perfectly uniform and horizontal field 
are never satisfied. I'here is a curving 



the rate of cutting near tlie vertical 
positions and relatively increasing the 
rate for the same total flux cut at and 


near the horizontal position. The effect 
would be slight but distinctly perceptible, 
if the wave form were analysed, being not 
so marked but similar to the full curve in 


diagram. When analysed this curve is found 
to consist of a principal or fundamental 
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and simple sine wave, combined with its 
third harmonic of triple the frequency, 
but of much less amplitude ; these curves 
are shown by the two dotted lines. The 
effect of the weakening of the field in the 
vertical positions of the loop is seen near 
the points o°, i8o° and 360°. 

The case of a modern alternator is 
necessarily more complicated ; hut be- 
cause of the fringing of the field at the pole 
tips we should expect to find amongst the 
more complex results an effect similar 
to tlic above, namely, the presence of a 
third harmonic. The existence of these 
harmonics has an important influence 
upon the scheme of winding of three- 
phase machines and modern design has 
succeeded in limiting their effects and 
suppressing them to a reasonable mini- 
mum. They also need careful consideration 
in transformer design. See Harmonics; 
Three-Phase System ; Transformer. 

THOMSON METER. The Thomson 
meter is a motor type meter, designed for 
measuring the watt-hours consumed in 
a D.C. circuit. For further information 
se 3 Meter, 

THREE-CORE CABLE. Three core 
cables are used for both D.C. and A.C. 
working. Except for the largest sizes ot 
conductors, three-core cables are prefer- 
able to three single-core cables for the 
following reasons. 

I'hey are initially cheaj)er ; easier to 
handle and to instal ; their inductance 
is less, and in A.t'. working the reactive 
voltage drop is reduced to a minimum ; 
they can be armoured over the sheath 
witliout causing either high induced 
voltage on the armour or alternativ^ely 
circulating currents in the armour if the 
latter be earthed at both ends. Current 
loadings, from the temperature rise point 
of view, are, however, lower than with 
single-core cables but, except on very 
short route lengths, voltage drop u.sually is 
more important as the deciding factor in 
I'iXing the size of cable to be used, 
and in this respect the advantage is with 
three-core cables. 

With pressures of 33 kV and over the 
insulation of 3-core cables is liable to 
deterioration, due to the direction of the 
electric stress not being perpendicular to 
the surface of the core. See Cable ; S.L. 
Cable, etc. 


THREE-ELECTRODE VALVE. Also 
known as triode ; this is the popular name 
for the most commonly used valve in 
wireless. The three electrodes are named 
the filament, the grid, and the anode or 
plate. See Valve. 

THREE-PHASE. An alternating current 
.system in which the circuit is divided up 
into three branches or phases, the currents 
in which are displaced from each other 
by 120''. See Phase ; Polyphase. 

THREE-PHASE, FOUR-WIRE SYSTEM. 
This system is the standard now employed 
in Great Britain for L.T. distribution. 
Such systems are supplied from double- 
wound step-down transformers connected 
cither delta-star or star-intcrconnected- 
star. The former is the more common. 
In both ca.ses the star or neutral point 
{q,v.) provides the point for connecting 
the fourth wire. With a system of this 
kind, therefore, three-pfiiase loads across 
lines and single-pha.se loads from each 
line to the neutral can be supplied 
simultaneously. With either transformer 
connexion cited, the single-phase loads to 
neutral may be unbalanced without 
excessive voltage drop, and the neutral 
wire carries the net out-of-balancc current, 

A three-phase, three- wire system can 
be converted to a four- wire system, 
by providing a three-phase interconnected 
star balancer in which the three terminals 
are connected to the line wires, the fourth 
wire being taken from the balancer 
neutral. If the single-pdia.se loads to 
neutral are balanced, no current flows in 
the fourth wire. The standard three-phase 
L.T. distribution voltage in Great Britain 
is now 400 x'olts, giving single-phase 
voltages to neutral of 230. See Balanced 
Load ; Star Connexion ; Three-Wire System. 

THREE-PHASE METER. The total 
energy in a three-pdiase circuit can be 
measured by a simp)le three-phase induc- 
tion wattmeter having two elements, which 
act upon a single rotating member. The 
scheme of connexions of the meter is 
shown in ]>age 1272, where the instrument 
is shown connected in a three-phase 
balanced circuit. 

The general circuit loading conditions 
ha\'c an appreciable effect upon the 
registration of a polypihasc meter, on 
account of a certain interaction arising 
from the close proximity of the two 
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elements. On unbalanced loads the speed 
variations may be as much as 2 per cent, 
on either side of the correct speed obtain- 
ing with balanced loads. The top element 
current coil is usually connected in the 
blue line, and the bottom element current 
coil in the red line ; one end of each 
voltage coil is connected to the same line 
as its corresponding current coil, w'hile 
the common connexion is made to the 
white line. Reference should be made to 
B.S.S. 37-1929 for Electricity Meters. 

THREE-PHASE MOTOR. An electro- 
magnetic machine adapted to receive a 
three-phase supply of electricity and 
produce mechanical power. 

The time sequence of the separate 
phases of a three-phase system enables 
a rotating magnetic flux to be readily 
produced, and this, by reaction with 
another magnetic field, can be made to 
drive motors having very useful character- 
istics. The second field may be of constant 
direction, produced by a continuous 
current electro-magnet (supplied by an 
exciter), in which case the unidirectional 
field links with the rotating field and the 
motor runs at the same speed as the 
latter, t,e. the motor is synchronous. Until 
the two fields approach coincident speed, 
however, the torque produced is very 
small and the current excessive, so that 
some auxiliary means of starting is 
necessary. {See further under Syncliro- 
nous Machine and Induction Motor.) 

The second field may, however, be 
produced by currents induced in conduc- 
tors by the action of the first (primary) 
field. In this case it is essential that the 
speed of the conductors be different from 
that of the primary field, otherwise no 
current will be induced. Hence the speed 
of such a motor must be less than synchro- 
nous speed, and the difference, usually 
only a few per cent., is known as the 


slip. This is the principle of the inductidil 
motor. See Induction Motor. 

In the induction motor speed control 
can be secured by the use of slip-rings 
and the insertion of resistance in the 
rotor circuit. As the speed departs from 
synchronism so the slip frequency rises. 
The losses in the resistance are consider- 
able, however. By using a commutator 
a.s a frequency changing device the 
energy at slip frequency can be returned 
to the line at normal frequency. This is 
the principle of the A.C. commutator 
motor {q.v,), which can be designed to 
give either a variable-speed characteristic 
or a constant speed at any load. 

Three-phase motors are available for 
practically every industrial requirement. 
Induction motors are the most widely 
used, and the squirrel-cage induction 
motor {i.e. the type without slip-rings) is 
the commonest and simplest piece of 
electrical machinery extant. 

Reversal of any three-phase motor is 
achieved by changing over any two- 
supply wires, thereby reversing the 
direction of the rotating field. If this be 
done while an induction motor is running, 
a heavy current is taken, the motor is 
quickly stopped and re-starts in the 
opposite direction. Powerful braking is 
done by this means on rolling-mill motors, 
etc., and is termed “ plugging.'* 

Three-phase motors would be very 
suitable for traction purposes were it not 
for the complications involved in the use 
of at least two conductor rails or overhead 
lines. They bid fair to become universal 
for stationary work of all kinds. 

THREE-PHASE ROTOR. The rotors 
of induction motors fall into two chief 
classes, namely (a) “ .squirrel-cage ** rotors 
in which the rotor windings are short- 
circuited upon themselves, and (b) 
‘'wound ** rotors in which the conductors 
are grouped according to a systematic 
plan and the windings brought out to 
slip-rings by means of which resistance 
may be introduced into the circuits or 
the rotor placed in cascade connexion 
{q.v,). When the windings are placed in 
three symmetrical sections connected 
to three separate slip-rings it is known as 
a three-phase rotor. In such a case the 
starting resistance requires to be in three 
sections also, varied simultaneously by 


J272 



mliEE^PHASE SYSTEM 

means of a three-arm switch or similar are important in three-phase systems 
device. Induction Motor ; Squirrel- and in three-wire circuits, currents of 
Cage Motor. 3rd, 9th, 15th, etc., harmonic orders 

THREE-PHASE SYSTEM. In just the cannot flow in the line wires, but they can 
same way as alternating current has circulate in a closed delta winding such 
demonstrated its advantages over direct as is formed by delta-connected trans- 
current for general power transmission * former windings. The 5th, 7th, nth, 
and distribution, so has the three-phase etc., harmonic currents can, however, 
system proved superior to all others flow in the line wires. In the three-wire 
for the same purposes. For E.H.T, and star-connected system 3rd, 9th, 15th, etc., 
H.T. transmission and distribution, three- harmonics can be present in the line-to- 
wire circuits are employed, while four-wire neutral voltage, but not in the line-to-line 
circuits are used for L.T. distribution, voltage. In the four-wire star-connected 
A three-phase system may be star or system 3rd, 9th, 15th, etc., harmonic 
delta connected, and this, of course, currents can flow in the line wires and the 
refers to the connexion of the source neutral return, thus nearly eliminating 
supplying the system, which may be a the corresponding harmonic voltage corn- 
generator or the secondary of a step-up ponents from the line-to-neutral voltages, 
or a step-down transformer. The star Similarly, if the star neutral be earthed, 

connexion is used in the large majority 3rd, 9th, 15th, etc., harmonic currents 

of cases, as it provides a neutral point can flow through the lines, the line-to- 
for earthing and for loading purposes, earth capacitances and the earth. 

The former is important and necessary Cable Systems and Power. Three-phase 
on all systems, while the latter is usually systems may, of course, consist of over- 
an essential requirement of L.T. distri- head lines or underground cables, and the 
bution systems. The respective merits latter may be single-core, three-core or 
of the star and the delta connexions four-core, as best suit the particular 
are discussed under Star Connexion {q,v.), circumstances. On H.T. and E.H.T. 

Power may be transmitted or distributed systems of overhead lines it is essential 

ill bulk at generated voltage or at higher to transpose the conductors regularly 
than generated voltage, and in the latter and properly to minimize inductive inter- 
case delta-star-connected three-phase, ference with parallel-running communica- 
three-wire transformers are used for tion circuits. On underground systems of 
stepping up the generator voltage. For single-core cables transposition improves 
L.T. distribution, delta-star-connected the electrical and magnetic balance of 
step-down transformers also are em- the power circuit, although communica- 
ployed, with a three-wire primary and a tion circuit interference is not a prime 
four-wire secondary. factor. 

Three-Phase Harmonics. Harmonics If tlie neutral point of a three-phase 
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system is solidly earthed, no part can 
reach a potential above earth under 
fault conditions greater than the normal 
line-to-ncutral voltage. If the neutral 
is earthed through a current -limiting 
device the voltage drop across the device 
under fault conditions acts vectorially 
to increase the voltage to earth of two 
of the phases. 

The total power in a balanced three- 
phase system is given by the expression 
P -■= El s/ 3 cos 0, where P is the power in 
watts, E is the line voltage in volts, I is 
the line current in amps, and cos 0 is the 
power factor of the load current expressed 
as a decimal of unity. If the load is un- 
balanced, the total power P is the sum 
of the powers of the three phases in 
which, for each phase, the power is 
P = (E/x/ 3) I cos 0, where E/v3 is the 
line-to-neiitral voltage, I is the line 
current for the phase concerned and cos 0 
is the corresponding power factor of the 
load on the phase. 

The diagram shows vectorially the volt- 
ages and currents in a tyi)ical three-phase 
compound scries circuit employing delta- 
star step-up and step-down transformers. 

Three-phase transformers are described 
more fully under the heading Transformer. 
See Mesh Connexion ; Star ('onnexion. 

THREE-PIN PLUG. Set Plug. 

THREE-POLE SWITCH. Also known as 
a Triple-Pole Switch. In a three-pliasc 
circuit, it is usually desirable that the 
three phases shall be switched on or off 
simultaneously. Eor this purpose three 
single-pole switches, linked together by 
a common handle or coupled in some 
other way to break the three phases in 
unison, arc employed. See Circuit 
Breaker ; Switch, etc. 

THREE-WIRE SYSTEM. Three-wire 
systems may be D.C., single-pha.se A.C., 
two-phase A.C., or three-phase A.C. They 
are shown diagrammatically. In the 
first three cases the third conductor 
is the neutral conductor of the system, 
and it is usually earthed for reasons 
explained elsewhere. 

Under normal circuit conditions the 
voltage of each line conductor above or 
below earth is 50 per cent, of the voltage 
across the puters, except for case (3), 



system. Column 4 is for same percentage loss 
on conductors at same voltages. 

where it is 70-7 per cent. With su('h 
systems of supply loads can be connected 
from each line wire to neutral and also 
across lines. In the fourth case, all three 
conductors are line conductors, and under 
normal circuit condition.s the voltage of 
each above or below earth is 58 per cent, 
of the line voltage. 

The relationships between the four sys- 
tems are shown in tlie diagram. They may 
all be applied to underground or overhead 
constructions for both power and lighting 
supfdies. D.C. three-wire systems are 
almost obsolete, and existing networks 
have mostly been converted to three-wire 
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single-phase working. Three-wire, three- 
phase systems are confined practically to 
bulk Il.T. transmission and distribution, 
as the most popular system for L.T. 
distribution is the three-phase, four-wire 
system (q.v,). See Distribution. 

THROW-OVER SWITCH. A switch, a 
characteristic of which is that contact is 
effected by means of a movable arm, 
which, when thrown over or moved 
through approximately 180"*, makes con- 
tact with one or other of two separate 
contact points. Tlirow-over switches of 
small size are frequently used, and can be 
worked into a circuit in many different 
ways, examples of which are to be found 
in many of the circuits illustrated and 
described in tliis Encyclopedia. See 
Switch. 

THURY REGULATOR. Voltage 

Regulator. ^ 

THURY SYSTEM. The chief difficulty 
to be overcome in the use of D.C. for long- 
distance transmission is the generation of 
sufficiently high voltages, and then the 
utilization of this high-tension current at 
the receiving end. 

Tlie Thury system, which was developed 
in France, and is used in a few installations 
there and elsewhere, attempts this by 
connecting all the generators and all 
the motors in series, and regulating 
them so that, while tlic current in the line 
is constant, the voltage varies with the 
load. A typical system is shown dia- 
grammatically above. Ttie generators are 
series wound, tlie voltage being regulated 
by shifting the brushes and simultaneously 
shunting the field. They have been buiit 
for voltages up to 4,000 volts. As any 
number up to 20 such machines may be 
connected in series corre.spondiug to a line 
voltage of 70,000-80,000 volts they must 
be completely isolated from earth, and are 
generally mounted on massive foundations 
of concrete which rest on a lining of 
impregnated wooden or rubber blocks. 
The floor all round each machine is heavily 
insulated with rubber mats so tliat the 
machines can be touched without danger 
to the attendant. An insulated coupling 
must also be u.sed between the generator 
and its prime mover. Incidentally, the 
design of such couplings presents con- 
siderable difficulty. Each machine has 



THURY SYSTEM. SCS, short-circuiting switch, 

IS, isolating switch; G, generator ; M, motor ; 

F, field coil. 

a short-circuiting .switch (SCS) and 
two isolating switches (IS). It is put 
out of service by reducing its voltage 
to zero, closing SCS and opening IS 
The motors are .similar to the generators 
and are regulated in the same way. 

The advantages claimed for the Thury 
system as compared with A.C. trans- 
mission are : 

(a) unity puwer factor, 

(b) simple switching arrangements, 

(c) stations can lie connected in anywhere on 
the line, 

(d) two ANires only instead of three, 

(e) no trouble with inductive clfects and 
caparitv currents, 

(f) possibiht>' of effecting repairs ^^hlle system 
IS in service by earthing one wire at the 
point ^\hcTe the rejiairs are to be done. 

The disadvantages of the system are : 

(a) difficulty of insulating the machines, 
particularly the couplings between the 
gener.itors and the prime movers, 

(b) multiplicity ot generator units caused by 
limitation of D.C. machine design, 

(t) the los.scs are constant and independent 
of the load, hence poor efticiency on light 
loads, 

(d) the motors have no overload torque (the 
current and therefore the flux and in con- 
sequence the tor([ue are limited), 

(e) the regulators are somewhat complicated 
and must be usetl on the motors as well 
as on the genera tois, 

(i) the D.C. machines arc liabl%to damage by 
lightning .surges. 
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: The Marx Rectifier recently de- 

veloped, and also the grid controlled 
mercury arc rectifier, offer possibilities of 
high-power D.C. distribution with A.C. 
generation. See Direct Current. 

THYRATRON. A coined term used to 
describe a vacuum valve having an anode, 
cathode and control grid, into which is 
introduced inert gas or mercury vapour — 
designed to act as a grid-controlled arc. 
The gas provides operating characteristics 
varying considerably from the three- 
electrode valve, which it resembles in 
construction. 

Operating Characteristics. When the 
customary high and low-tension voltages 
are applied to anode and hot operating 
cathode respectively and when a critical 
value of potential is applied to the grid, 
the electrostatic field at the cathode is 
varied ; ionization (q.v.) occurs and a 
discharge takes place between cathode and 
anode. In a vacuum tube, the grid controls 
the plate current, but in the Thyratron 
this is not always possible, because the 
ionized gas neutradizes grid potential. 
The Thyratron grid acts therefore as 
a starting element and cannot regain 
control until anode voltage has fallen 
low enough to permit deionization. The 
grid can also, with suitable bias, prevent 
current from starting. These properties are 
extremely useful, because if A.C. is applied 
to the anode, the grid can secure a recurring 
control over cathode-anode tube current 
once each cycle, when the anode voltage 
falls through zero. The tube thus acts as 
a rectifier and current through the tube 
starts and stops in accordance with the 
time taken for the grid to pass through its 
critical value: usually by becoming less 
negative with respect to the cathode. 
Fig. I shows the current starting scheme. 



TMYRATROf*^ 
voltage if reaM 


— Anodp i^lts 
- Critical Qnd Volts 
Crtd Bios Voltage 

pig. 1. Current flows after critical grid 
P^and during the portion of the alter- 
igtion shown shaded. 



section of grid volts with critical value for given anode 
voltage. 

A.C. Operation. If A.C. be applied to 
both anode and cathode, very delicate 
control of current flow through the tube 
is possible. This control is effected by 
varying the phase relationship between 
plate and grid voltage. Any time period of 
tube current flow, from almost instan- 
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Fig. 3. Starting characteristic for a Thyratron. 

can thus be produced. Fig. 2 shows the 
conditions for 45° phase difference between 
grid and plate voltage. On the other hand, 
if a variable potential be applied to the 
grid, the degree of tube current control 
takes one of many complicated forms 
according to the applied voltages and the 
tube starting characteristics ; one is given 
in Fig. 3. Figs. 4 and 5 show appearance 
and arrangement of the low-power tube. 
These tubes can control voltages between 
10 and 20,000, with currents of one half 
to 100 amp^jres, although instantaneous 
values may be many times that figure. 
Thyratrons may also be used to provide 
A.C. from D.C. by alternating the 
supply from one tube to another^jjpin^ 
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THYRATRON. Figs. 4 
and 5. Schematic ar- 
rangement of a mercury 
vapour Thyratron, and 
exterior vie>M. 

CourUtu Britiih Thomaon- 
Houatnn Co.. Ltd. 


oppositely to the output circuit. Such an 
arrangement is termed an inverter. 

Owing to the neutralization of space 
charge by ionization, heat-reflecting shields 
may be placed round the cathode to in- 
crease emission efficiency. Consequently, 
instead of a normal valve efficiency of the 
order of loo milliamperes per watt, we 
may have in the Thyratron an efficiency 
of over one ampere per watt owing to the 
presence of the gas in the tube. 

Applications. Since any desired nature 
of impulse can be generated in the 
Thyratron by suitable circuit and potential 
arrangements, its field of usefulness is 
wide. It is used extensively in photo- 
electric relays, where its high response 
makes it more sensitive than most other 
relays. Its action, being instantaneous, 
allows machinery control to be quite 
positive, whilst on the other hand, so fine 
can its adjustment be that one is in use in 
the Cavendish laboratory for counting 
alpha particles and for other radio- 
activity studies. 

Another use for this remarkable device 
is for supplying rectified, controlled cur- 
rent to life-testing valve racks. Its self- 
regulating properties promote both current 
economy and circuit safety. Thyratron 
control panels are also used in photo- 
electric lithographic insetter-printing to 
produce accurate register in the inset web. 


Its use in place of the inefficient dimmer is 
referred to under Stage Lighting. 

Practical Detaib. Two important points 
must be borne in mind in operating the 
Thyratron. Apart from the fact that the 
cathodes are generally indirectly heated, 
there is a delay time, from ten seconds to 
thirty minutes after cathode supply is 
switched on, before anode potential should 
be applied. The shortest time is for small 
directly heated cathodes and the longest 
for the largest indirectly heated tubes. 

The second point relates to arcing back. 
This is well known in all forms of mercury 
vapour rectifiers — of which the Thyratron 
is a type — and is caused by applying 
voltages to the anode higher or much 
lower than the rated values. The phe- 
nomenon is dependent upon tube tempera- 
ture. Rated inverse voltages reach as high 
as 20,000 volts, but a normal value is 
1,000 volts, and operating time is from 
100 to 1,000 micro-seconds. See Hot 
Cathode ; Ionization ; Mercury Arc Rec- 
tifier ; Rectifier ; Valve. 

THYRITE ARRESTER. See Surge 
Arrester. 

TIME CONSTANT. In the article on 
charging current {q.v.) the formula for the 
decay of current in charging a condenser 
is given as 

* — z;. V OB 

~R 

where i is the current at an instant t seconds 

after switch is closed, 

C is the capacity of the condenser, R the resist- 
ance in series, 

and 2 a constant equal to 27183. 

Similarly the formula for the growth of 
current in an inductive circuit under a 
steady E.M.F. is 

E 

where L is the inductance in the circuit. 

The quantitiesr^ and CR are known as 
K 

the time constants of their respective cir- 
cuits, being in the one case the time in 
which a current will rise from zero to 
0*632 (S-i) of its final value, and in the 
other case the time in which the current 


will fall to ■ 


or - of its final value. 


27183 

TIME LAG AND TIME-LIMIT RELAYS* 

Experience has shown thfeit only in 
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exceptional cases is it desirable that the 
action of a protective device should be 
instantaneous. Often the abnormal dis- 
turbance guarded against is only of short 
duration, and sometimes even a fault 
may be burnt out fairly harmlessly in a 
few seconds if the supply be maintained. 
It is therefore desiraldc that the time 
taken by the protective device to operate 
should depend upon the seriousness and 
dangerous character of the fault. 

This condition is to some extent satisfied 
by an ordinary fuse, which will blov/ at 
once on a very heavy overload, but wall 
lake some time to break circuit if the 
current be only a little above the limit. 
In other words, the greater the danger 
the shorter is the time of action ; hence 
the term “ inverse time as applied to 
apparatus having this property. vSpccial 
fuses are constructed so as to make the 
time clement more definite, but relays 
with definite mechanical adjustments 
are preferred in which the minimum 
current for which the relay is set to 


whilst those near the power station remain 
closed, thereby preserving continuity of 
supply save on the faulty section itself. 
The various types of relays employed are 
discussed under the heading Relays (q.v.). 
See also Dash-Pot ; Inisc ; Protective 
Devices ; Switchgear, etc. 

TIME SWITCH. Any switch which 
automatically opens or closes a circuit 
at jnedetermined times of the day or 
night or at a predetermined j^eriod after 
some manual operation. 

The simplest form of time switch con- 
sists of a contact which is made manually 
and which by means of a spring return 
action, retarded by a dash-pot, opens this 
circuit at a predetermined period after- 
wards. Such time switches are used 
largely for the control of lights on stair- 
cases common to the tenants of a number 
of flats on different floors, so that the 
tenant Mitering can switch on at the 
bottom and have the staircase lighted for 
say tw'o minutes. 

Another and rather elementary type of 




TIME SWITCH Fig. 1. 

A staircase switch for use 
up to 250 volts, 5 amps. 

Fig 2. A 15-day clock 
switch used for street 
lighting. Fig 3. A40'day 
switch for shop-window 
lighting. 

L'outtesj/ lentu-r Tihif Su'iIcUvk. l.til 



act will cause the relay to operate in a 
definite time, which will become .shorter 
as this minimum current is exceeded. 

In modern practice it is becoming 
increasingly common on large systems 
to employ relays operating at definite 
time limits independent of the amount of 
overload. The maximum time .setting 
allowed is determined by local conditions 
and the limits are graduated so that the 
breakers near the fault have time to trip 


time switch relies on an ordinary alarm 
clock, which, at a fixed time, ojierates the 
gong clapper. In such cases the gong is 
removed and the gong ( lapper through an 
apjiropriatc mechanical connexion operates 
the dolly of an ordinary tumbler switch, 
either to switch it on or to switch it off. 

In the more elaborate types the clock 
mechanism is still present, and at a pre- 
determined lime a trigger movement is 
designed to release a contact or contacts 
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Fig. 5 



TIME SWITCH. Figs. 4 and 5. Schematic lay-out and assembled 
v.ew of automatic staircase switch with electric wind. 

(’ovtirsii Saihun 4 Allen, Ltd 


and make or break Ihe circuit. By a 
series of triggers .set to operate at given 
times this making and breaking of the 
circuit can be repeated almost indefinitely 
within the limits set by the operating 
capacity of the clockwork. 

An approi)riate design of dial and trigger 
movement in the ca.se of still more 
elaborate time switches gives an op])or- 
tunity for setting the switch so that while 
it operates normally at certain predeter- 
mined times, it cuts out altogether during 
Sunday or any given day in the week. 

Time .switches of this sort are in 
common use lr)r shop-window lighting 
and occasions where the retention of a 
workman to .switch on or ofi' would be too 
costl}^ or where it would be impo.ssiblc 
for one man to be pre.sent at a number of 
points at the same time. It is particularly 
in the case of shop- window lighting that a 
time switch which is co-related with the 
days of the week in addition to the hours 
of the day become invaluable. 

Time switches arc also made which alter 
daily the time of operation according to a 
predetermined .schedule. Such equipment 
may be used for any lighting control, in 
which the progress of the calendar requires 
an earlier or later operation each day. 
Again, switches incorporating a photo- 
electric cell may be applied to the 
automatic switching on and off of lights 
as daylight disappears and reappears. 

Time switches can be made conveniently 
to control currents up to 50 amperes, and 


larger types to control even 
higher currents, but when the 
control of really heavy cur- 
rents is required, it is often 
more convenient to employ 
some system of remote control 
such as a contactor (q.v.) by 
which a comparatively small 
operating current handled by 
a time switch controls a larger 
current operating the neces- 
sary apparatus. See Switch. 

TIRRELL REGULATOR. 
The Tirrcll automatic regula- 
tor is used for the control of 
the terminal voltage of A.C. 
and D.C. rotating machines 
and can be applied to self- 
excited and separately excited 
dynamos and generators. It 
is of the vibrating contact type, and the 
two applications arc shown diagram- 
maticall3' in Figs, i and 2. 

In Fig. I the control-magnet winding is 
connected across the supply lines, and 
when the voltage increases, the magnet 
core is pulled down and the main contacts, 
which normally are closed, are thus 
opened. The relay is wound dilferentially, 
one half of the winding being connected 
across the su]:)ply lines and the other half 
being similarly connected but through the 
main contacts. Both halves of the relay 
winding are energized when the main 
contacts close, and the relay contacts then 
close and short-circuit tlie .shunt-field 
rheostat. H the voltage falls the main 
contacts close, the relay is demagnetized 
and the relay contacts close and short- 
circuit the rheostat. The field current 
then rises until the machine \oltage 
reaches a value a little in excess of tlie 
required steady value, when the main 
contacts open and the short circuit acro.ss 
the field rheostat is removed. The voltage 
then falls, and upon reaching a value a 
little below the steady required value, 
the main contacts open and the cycle of 
operation is repeated as outlined above. 
'I'hc variation of voltage abo\'C and below 
the required mean is very rapid and usually 
does not exceed one half ot one per cent. 

Fig. 2 is similar and has an addi- 
tional exciter control magnet. If the 
supply voltage falls, the main contact arm 
rotates clockwise and closes the main 
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bread to be toasted is placed on 
a grid tray underneath ; other 
sm^l operations, additiona 1 to 
toasting, can be carried out on 
this type. 

For restaurant, hotel and com- 
mercial catering requirements 
various multiple toasters are avail- 
able, in loadings up to several 
kilowatts. A combined grill and 
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contacts, which results in short-circuiting 
the exciter-field rheostat and increasing 
the supply voltage. This reacts to bring 
the main contact arm back to its 
former position. The exciter 
voltage then increases a little 
beyond the required value and 
the main contacts again open, 
after which the cycle of operation 
is the same as in the case of the 
regulator described for Fig. i. 

The main contacts constantly vibrate, 
thus keeping constant the voltage applied 
to the generator field. See Exciter ; Field 
Regulator ; Voltage Regulator. 

TOASTER, ELECTRIC. The common 
form of domestic toaster has a mica-wound 
element arranged vertically, heat being 
radiated from both sides. This permits one 
side of each of two pieces of bread being 
toasted simultaneously. Commonly, 
means are provided whereby the slices can 
be reversed by merely pressing a knob, 
without their having to be touched. This 
form of toaster is loaded 500-600 watts, 
the consumption thus being about J unit 
an hour. It takes about three minutes to 
toast two slices, so that the cost of 
electricity used in normal every day 
service is very slight. 

Other forms of domestic toasters are the 
box type and the horizontal element 
pattern. The former has two vertically 
arranged elements, flanking the slice of 
bre^, both sides being toasted simul- 
tmeously. The horizontal pattern toaster 
hail an open grill-type element, and the 
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Fig, 2. Connexions for self-excited single-phase 
alternator. 

toaster is commonly used. The most 
complete form of electric toaster is the 
automatic machine, which not only 
toasts a number of slices of bread simul- 
taneously, but lifts them out automatically 
and switches off when the toast is ready. 

TOGGLE. A system of linkage which 
enables pressure to be transmitted at right 
angles is termed a toggle. A toggle joint 
is formed when a pair of rods or plates 
are hinged together by a knee-joint. 

The toggle joint is extensively used in 
circuit breakers, and by its means a 

TOGGLE, (a) 


Switch open 
(6 ) switch 
closed. 





Handle 


Frame 


bl Links 


Handle 





slight manual force on the operating 
handle results in a pressure of some 300 lb.‘ 
per sq. in. between the contact surfaces* 
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The toggle mechanism in essentials is 
merely an extension of the principle of 
the lever. If two bars are pivoted in the 
same straight line with equal and opposite 
forces at their respective ends no motion 
results whilst the bars are in alinement. 
The only force holding them in alinement, 
however, is the friction of the hinge, 
and once this has been overcome the 
forces at the ends tend to increase the 
out-of-alinement motion more and more. 
A small force, therefore, will be sufficient 
to operate a switch mechanism with one 
compression link in the form of a toggle. 

In practice a straight line toggle would 
be too unstable, and the diagram shows 
the usual construction adopted. vSince a 
considerable movement of the centre of the 
toggle results in only a small movement at 
the ends, any force applied at the centre is 
multiplied in effect at the ends. When 
the switch is out and the toggle links at 
right angles, little power is required to 
start closing the switch as the force is 
applied at the centre of the toggle. When 
the switch is in, the toggle is nearly straight, 
resulting in a considerable contact pressure. 
See Circuit Breaker. 


special filters in the audio-frequency cir- 
cuits to compensate as far as possible for 
such effects and to bring the overall 
frequency response of the receiver to some- 
thing approaching uniformity. When the 
'degree of tone correction is made variable 
and adjustable it is referred to as tone 
control. 

The most serious source of frequency 
distortion arises in the tuned radio- 
frequency circuits and is most pronounced 
with highly selective circuits not of the 
band-pass type (see Selectivity and Side 
Bands). Greatest response occurs at the 
carrier frequency and falls off rapidly on 
either side, with the result that the higher 
note frequencies represented in the side 
bands are considerably attenuated, the 
effect being clearly indicated in Fig. i. 
The use of band-pass tuning is in itself a 
method of tone-correction as it passes the 
side frequencies to a much greater extent 
for a given degree of selectivity. 

Fortunately, the shape of the resonance 
curve of a tuned circuit is of a nature 
which renders almost complete com- 
pensation possible. The method of tone 
correction is to include in the audio- 


TONE CONTROL AND CORRECTION. 

In radio receiving circuits there are various 
sources of frequency distortion, 
which is characterized by notes ^ 

of different frequencies being ^ 

reproduced at incorrect relative — 
strengths. Tone correction 
refers to the introduction of < 
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TONE CONTROL. Fig. 1. Resonance curve showing 
now the higher notes are reduced ; shaded areas are 
Side bands. Fig. 2. A correcting circuit giving com- 
pensation for attenuation of high notes. 


frequency circuits, preferably the detector 
anode circuit, a simple filter which passes 
high note frequency variations 
to a greater extent than low 
ones. Such an arrangement 
^ is shown in Fig. 2 where L, C 
and Ri form the tone-correct- 
? ing circuit. By a suitable 
choice of values the overall 
response can be made fairly 
constant over the entire 
acoustic range. 

The action is indicated by 
/ \ IJL/ the curves of Fig. 3, where A 

\ shows the falling off of high 

T notes due to the resonance 

- — *■ ^ curve, B is the response curve 

g. 2 — * of the tone corrector circuit, 

and C is the overall response. 
By making Rj and C variable, different 
degrees of compensation can be obtained 
to meet different requirements. For in- 
stance, reducing Rj increases the treble 
response, and varying C alters the range 
over which correction is obtained. This 
method makes possible a high degree of 
selectivity without loss of high notes, and 
the system has been widely used to this end. 
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A, response without cor- 5 B. 

rection ; B, characteristic ^ 
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rected overall response / \ 

for Fig. 2. Fig. 4. Tone- 



tappers, bolt and screw drivers, nut 
runners, tube expanders, grinders, sanders, 
polishing and buffing machines, etc., 
blowers, and filing machines are all 
obtainable in portable form. 

Universal motors for use on D.C. or 
single-phase A.C. (25- 60 cycles) supplies 
are generally fitted and will withstand 
heavy overloads ; the gearing dimensions 
arc small, and high-speed armatures 
running on ball bearings allow the best 
j:)ossiblc tool speed to be chosen. The 
tool is conveniently controlled from <]uick 
make-and-break push-button or twist grip 
switches embodied in the handle. Though 
three-core flexible cable and a visible 
earthing screw should be fitted (to comply 
with Home Office regulations), the use of 
portable tools on high voltages is not 
recommended and is specially inadvisable 
on steel constructional work. 


Tone-compensated Volume Control. It 

is well known that the ear is more sensitive 
to sounds in the middle register than at 
either end of the acoustic frequency .scale, 
and that when the \’olume is progressively 
decreased the lowest and highest note-, 
become inaudible first. This elfect is 
compensated for in high-class receivers by 
incorporating a tone-correcting circuit so 
as to be automatically adjusted with the 
volume control, giving a true balance at 
all volumes. 

A practical circuit arrangement is given 
in Fig. 4. Hesides the tone-compensated 
volume control A, an additional control, B, 
enables the relative bass and treble 
response to be adjusted to suit the par- 
ticular matter being received. When B 
is set to give the best quality, this quality 
is maintained for all settings of the volume 
control. 

It should be borne in mind that the 
inclusion of condense: .s and coils somewhat 
impairs the response to transients. 5tv 
Distortion ; Receiver. 

TOOLS, PORTABLE ELECTRIC. In 

shipyards, heavy engineering works, and 
locomotive shops where it is difficult to 
take the work to stationary tools, portable 
electric tools are essential, and in engin- 
eering works and repair shops they save 
power and time, enabling many processes 
to be f)erformed out of the usual sequence 
of operations. Electric drills, reamers. 


Drills. Portable electric drills are 
availaole in capacities ranging from J in. 
to 2.J in. holes in mild steel (equivalent 
to I in. and 5 in. in wood) ; a standard 
duty drill for J in. holes runs at 1,20a- 
1,800 r.p.m., with a current consumption 
of 170 watts and weighs only 7 lb. 
High-speed twist drills must be used, 
and a chuck or a Morse taper socket is 
provided. Pistol grips are fitted on the 
.small sizes, and breast plates, mounted on 
the top plate of the motor, or feed screws 
on the larger sizes. The motor is usually 
hou.sed in a casing of cast steel or alumin- 
ium. Spring-well oil cup lubricators ensure 
adequate lubrication of the ball bearings 
on the armature shaft and the ball thrust 
washers on the drill spindle. 

The use of magnetic drill posts (where 
D.C. is available) avoids the need for 
clamping down drilling pillars. The posts 



TOOLS, PORTABLE. Fig 1. A woodborer drilling 
holes in railway sleepers. 

Courtety Consolidated Vneumaiie Tool Co., Ltd. 
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are placed on the steel or ironwork to be 
drilled, and when the current is switched 
on the equipment is held magnetically 
against its own weight and the feed 
pressure of the drill ; single or double 
posts are required according to the size 
of the lioles, the current consumption 
ranging from 370 to 880 watts. For 
holes up to 2 in. in thin mild steel or cast 
iron tanks an electro-magnetic holding-on 
drilling machine can be slung from a 
crane ; the total current consum})tion is 
1,250 watts, and a } in. starting hole is 
necessary. 

Electric screwdrivers and niit runners 
(differing only in (he type of bit) run 
at lower speeds and are litled with a 
positive clutch to release the dri\e when 





TOOLS, PORTABLE. Fig 2 The armature and field 
a portable heavy duty drill. 

(ihildtut l‘ iieuiiuil It 'Inol Co, ltd 

the nut or screw has been driven home ; 
reamers and tappers have capacities 
somewhat smaller than those of the 
corresponding drills and arc provided 
wdtli re\’ersing gear. 

Grinders. Portable electric grinders can 
only be used on 
I ) . C . beca use of t he _ 
tendency of uni- 
to 
no 

producing a centri- 
lugal force that 

might break the ^ 

grinding wheel. 

The motor should be totally enclosed to 
keep out grit. Two useful sizes have 
grinding wheels of 4 and 6 in. diameter and 
weigh II and 30 lb. respicetively ; the corre- 
sponding no-load speeds arc 5,000 and 
4,000 r.p.m. and the current consump- 
tions 100 and 500 watts. Hand grinders, 
for surface grinding, can be provided with 


Fig. 3. Drilling holes m headstock of a railway 
carriage frame. 

Coil 'lid iihited rnniiiiat ir Tool i n , Ltd 


an adjiistablt' carriage to regulate 
the depth of cut. 

Grinders for use on benches or 
the tool posts of lathes can be 
casting of equipped with a scpiirrel-cage motor 
lor an A.C. supply. A taper spindle 
to take a polishing mop instead of 
the grinding wheel, or a double spindle 
extension for both grinding and polishing, 
can be fitted. 

For dealing w’llh awkward corners and 
curved .surfaces, flexible shaft grinding 
equipments sliould be used, the motor 










Fig. 4. A portable 
electric blower. 

6 \>olf Co.. Ltd. 
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(D.C. or A.C.) being totally enclosed for 
outdoor work. 

Hand saws enable wood, fibre, lead, 
etc., to be cut very rapidly ; some sort 
C of automatic guard is desirable to avoid 
* danger from the exposed blade. 

B 1 owers. Portable electric blowers 
enable dust to be removed from the 
^\indings of electrical machinery and 
other equipment in garages, factories, 
builders* yards, shipyards, metal works, 
and wireless and railway shops. Tlic 
weight (with 6 ft. of armoured rubber 
tubing) is only about 26 lb., so that the 
blower itself can be held by the operator ; 
otherwise it may be rested on the ground 
or bench, and the tubing nozzle directed 
on to the work. With a universal motor 
having a current consumption of about 
800 watts, a volume of 130 cu. ft. of air 
per minute is discharged at a pressure of 
about 22 ins. of water. A smaller type 
giving an air pressure of about 12 ins. of 
water and weighing only 15 lb. is light 
enough to hold close to the work, no 
flexible tubing being necessary. If it 
is important to avoid a dust-laden atmo- 
sphere, the flexible tubing can be changed 
over to the air inlet and the outlet fitted 
with a bag for collecting dust, thus 
converting the blower into a suction 
cleaner. See Machine Tools. 

TOOTH. The punching out of slots to 
carry the winding on the laminated core 
of an armature leaves a series of projec- 
tions which play an important part in 
reducing the reluctance of the magnetic 
circuit. In calculating the ampere-turns 
required to generate a given E.M.F. in a 
machine the designer has to calculate the 
magnetic flux and iron losses in each part 
of the magnetic circuit. The determina- 
tion of the tooth density and the cor- 
responding magneto-motive force is based 
upon a series of empirical approximations 
which are entirely beyond the scope of 
this work. 

^ The shape of the teeth obviously 
depends on the shape of the slots cut out 
of the core laminations, various types of 
which are illustrated on page 719. These in 
turn depend on the amount of insulation 
necessary and the space factor (q.v.). 

high-speed alternators employing 
ijSegraentaJ laminations, the latter are 
prpvid^ with lugs and can be dovetailed 


to the arms of the armature spider, 
secure them against the action of centri- ; 
fugal force. On smooth core and tunnelled 
armatures no teeth are provided, of course, 
and the magnetic leakage effects are 
considerably greater. See Laminations ; 
Slot ; Smooth Core Armature ; Tunnel 
Winding, etc. 

TOROID. When a solenoid is bent up 
into the form of a closed ring it is known 
as a toroid. Such toroidal coils are some- 
times employed in telephone transformers 
and repeating coils. Owing to their con- 
struction they have no magnetic poles. 
The formula for the flux in a solenoid still 


holds, namely : H 


4^NI 
lol * 


where H is 


the strength of the field, N the number of 
coil turns, I the length of the solenoid, 
and I the current flowing in the coil. 
See Flux and Flux Density ; Solenoid. 


TORQUE. The tendency to turn any 
body about an axis, i.e. the twisting mo- 
ment or product of the force exerted on 
the body and the perpendicular distance of 
the line of action of the force from the axis. 
The torque exerted by a force of one pound 
at a radius of one foot is called the turning 
moment unit in the foot-pound system, 
whilst in the C.G.S. system a torque of 
one gramme centimetre is exerted by one 
gramme at a radius of one centimetre. 
Many instances occur in electrical and 
magnetic work ; for example, there is a 
torque exerted on a magnetic needle placed 
in the earth's field, tending to set it in the 
direction of the magnetic meridian (see 
Magnetic Couple). 

Motor Torque. The fundamental prin- 
ciple at the root of the operation of all 
motors is to be found in the magnetic 
torque exerted on a current-carrying con- 
ductor situated in a magnetic field. The 
magnitude of the total force on the con- 
ductor depends upon three factors : (a) 
the length of the conductor lying at right 
angles to the field and to the direction of 
the force ; (6) the current strength ; (c) 
the flux density. From this, since the 
force is proportional to each of the three 
factors given above, 

F = B X » X / dynes 

where F is the force, i the current strength, 
B the flux density, and I the length of con- ! 
ductor perpendicular to flux and force^; 
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The torque will then equal 

F X ^ where d is the diameter of the armature 
® lying in the air-gap. 

If the armature consists of N turns then 
the torque 

, „ d Bil^ d 

J == F X - = 

2 2 

The horse-power output is the product 
of the torque and the angular velocity and 
therefore if R is revolutions per minute, 

„ . . Bi/Nd 27rR 

Power output X 

2 6o 

dyne-centimetres „ B f / N d ^ R 
per second 6o x lo® 

The output from the conductors also 
equals el watts where e is the E.M.F. 
applied and I the current in amps, taken 
by the motor, and from these equations 
the torque and power output can easily 
be calculated. Since all the quantities 
save two in the former equation are con- 
stant, we can state that the torque is 
proportional to the armature current and 
the magnetic flux per pole. 

Starting Torque. The force on the con- 
ductors accelerates the armature which 
iheii generates a back E.M.F. proportional 
to the speed. Hence as the speed rises the 
increased back E.M.F. reduces the cur- 
rent and so also the driving torque. Conse- 
quently the speed will rise to such a value 
that the driving torque exactly equals the 
resisting or load torque. 

Load Torque. The relation between 
speed and torque of a given motor deter- 
mines the class of work for which it is 
most suitable. The mechanical charac- 
teristics of motors under various conditions 
of supply are given in the diagrams on 
pages 859 and 860. The shape of the 
torque-speed curve for the series motor is 
instructive, and shows the great suitability 
of that type of motor for starting under 
heavy load as in crane work and trac- 
tion. These speed-torque curves are 
obtained by means of a Prony brake 
(q.v.) fastened to the pulley of the motor, 
a series of readings of speed and torque 
being taken and the curves plotted. The 
brake horse-power [q.v.) is the product of 
the speed, torque, and the constant 

equal to 0*0001902. 

Pull-Out Torque. The characteristics of 
the three-phase induction motor are de- 


scribed under Slip (q,v,). The value of the 
overload torque at which the induction 
motor falls out of synchronism is termed 
the pull-out torque. This is the maximum 
torque the motor will give, and when 
testing for this value, the voltage should be 
held constant at the normal rated voltage 
of the motor under test. , 

Synchronizing Torque. When two alter- 
nators arc to be synchronized for parallel 
operation {q.v,), the paralleling switch 
is closed at a moment when the speed, 
voltage and phase relationships are practi- 
cally identical. Should the voltages be 
unequal or out of phase to a slight extent, 
one alternator will be driven as a motor 
supplied with power from the other and a 
synchronizing torque will be set up and 
pull the two into step. See Synchronizing. 

Instrument Torque. If a light rectangu- 
lar coil is freely pivoted in an annular air 
gap witli a uniform magnetic field, when 
a current is passed through the coil, a 
torque will be exerted on it exactly pro- 
portional to that current. If n is the 
number of turns on the coil, W the mean 
width, H the field strength in the air gap, 
/ the effective length of coil sides, I the 
current in amperes, then the 

Torque = — dyne-centimetres 

The movement of the coil is controlled 
by hair springs, and since the deflection of 
a spring is proportional to the torque, the 
deflection of the pointer on the coil will 
be exactly proportional to the current. 
See Dynamometer ; Meters ; Prony Brake. 

TORSION BALANCE. A laboratory 
instrument originated by Michell and 
improved by Coulomb, employed in 
investigations of the magnetic effects 
between two bodies. For example, the 
law of inverse squares, stating that the 
force exerted by one magnetic pole on 
another in its neighbourhood is inversely 
proportional to the square of the distance 
between the poles, may be proved by 
means of this instrument. The underlying 
princiffle will be understood by reference 
to tlie torsion galvanometer, which in 
essentials is a modification of the original 
torsion balance. See Electrometer. 

TORSION GALVANOMETER. A sensi- 
tive form of galvanometer used chiefly in 
laboratory tests. A magnet, or a coil 
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consisting of many turns of fine wire, is 
suspended freely in a strong magnetic 
ticld, i.c. between poles of a permanent 
magnet, by means of a fine ])hosphor- 
bronze strip. This strip is attached at its 
upper end to a torsion head enabling the 
zero of the instrument to be adjusted. The 
j)hosphor-bronze strip exerts a controlling 
couple on the coil and servxs as the lead-in 
lor the current to the wire. A small silver 
fibre attached below the coil serves as the 
negative lead, 'fhe mo\’emcnt of the coil 
may be observed by the deflection of a 
beam of light rellected from a mirror 
suspended over the coil as in the Einthoven 
galvanometer {q.v.). The deflections of 
the light beam are practically proportional 
to the current and the scale can be 
calibrated in current units. See Gal- 
vanometer. 

TOUGH RUBBER WIRING. This 
class of insulation was first introduced 
under the name of ( ab 'fire by the 
St. Helen’s Cable and Rubber Co., and 
originally devised for flexibles it is also 
widely used for ordinary wiring’ purposes, 
The tough rubber mixture which is 
applied as an outer j-Ji-otector over the 
usual V.T.R. insulation is very robust and 
resilient. Practicallv all the cable makers 


now issue cables with tough rubber 
sheathing. The wiring is very easy to in- 
stal as the insulated covering eliminates 
the need for continuous bonding. When 
earthing on the system is desired the cable 
is obtainable with an additional copper 
core for this purpose. 

Tough rubber wiring may be run on the 
surface or buried in ])laster. It is 
impervious to damp, but when much 
moisture is present the cable should be 
run on china cleats to ])ermit a free ])assage 
of air all around. Tough rubber cables are 
now obtainable with a white sheathing 
for surface work in houses, to tone with 
the light-coloured walls and ceilings. 

Care should be taken to avoid surface 
wiring in }X)sitions subject to the action 
of direct sunlight, or places where there 
is excessive vibration. In such situations 
the sheathing is liable to crack in time. 
Bak*.lite junction boxes arc used for 
normal work, but if conditions are very 
severe, as in laundries, ])ublic baths, stables 
and the like, then it is necessary to employ 
the special scalable china fitments supplied 
for such purposes. In some districts tough 
rubber wiring has had great popularity 
in Council houses. Sec Cable ; Wiring. 


TRACTION, ELECTRIC : PRINCIPLES AND EQUIPMENT 

By A. T. Dover, M.LE.E., A.Amcr.I E.E., Author of “Electric Traction” 

This comprehensive outline includes the application of electric power to tram- 
ways, railways, road vehicles, mines and canals. A general review of the 
subject is given first, followed by an examination of the general principles of elec- 
tric traction and notes on the equipment of railways and tramways. Details 
and special or related aspects of the subject are covered under other headings, 
as Frequency Changer, Motors, Induction Motors, Series Motors, Rectifiers (for 
D.C. supplies), Sub-stations, Transformers, etc. See Trolley-bus for that vehicle. 


The subject of electric traction includes 
the application of electric power to 
tramways, railways, road vcliicles {i.c. 
trolley-buses, commercial electric vehicles 
and trucks for short distance goods trans- 
port), mines and canals (in cases where 
electric haulage is necessary). After a 
general review of the subject this section 
is mainly concerned wdth the general 
principles and equipment for tramways 
and railways. 

Electric Tramways 

Electric traction for passenger trans- 
port on street tramways lias been in 
operation since about 1888. The cars 


run on rails which aic usually laid with 
the tread flush with the road surface in 
order that the roadway may be used by 
other vehicles. Power lor pro])ulsion is 
obtained from a single overhead conductor, 
the track rails forming flic return con- 
ductor. In sjrecial cases {e.f;. near mag- 
netic observatories), where earth currents 
arc not permissible, two overhead con- 
ductors arc employed, and in cases where 
overhead construction is not permissible 
the conductors, from which the cars 
obtain power, are located in a slotted 
underground conduit in the centre of the 
track rails. This (underground conduit) 
construction is very costly, and in this 
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country has only been employed in 
certain parts of London. 

Modern double-deck tramcars for British 
conditions can accommodate about 8o 
seated passengers. Such cars weigh about 
14 tons unloaded and are equipped with 
two 50-h.p. motors. 

Statutory Regulations. All tramways 
in Great Britain have to comply with 
stringent statutory regulations which 
concern the power suf)ply and distribu- 
tion system, the track, cars and their 
equipment, and routine tests and records. 

The power supply is limited to the 
direct current system at a voltage (at the 
cars) not exceeding 550 volts. When the 
track rails are used as return conductors 
they must be connected by insulated 
cables to the negative bus-bar at the 
power station, which must be earthed by 
means of two earth ])lates with a current 
indicator in the circuit. The negative 
portion of the distribution system must 
be designed so tliat tlie voltage (Irop in 
the track rails under the heaviest service 
conditions docs not exceed 7 volts. The 
sei)aratc lengths ot rail, and the rails of a 
single or double track, must be electrically 
connected so as to make the track rails, 
as far as practicable, a continuous and 
effective electrical conductor. 

The overhead conductor, or trolley 
wire, must be divided into sections, not 
exceeding one half mile in length, with a 
switch between every two sections, so 
that any section can be isolated in emer- 
gencies. The span must not exceed 120 ft. 
and the height above the road surface 
should normally be 22 ft. 

Tramway and Trolley-bus Compared. 

A trolley-bus (q-v.) s3^slem has the 
advantage, over a tramway system, of 
mobility, and the vehicles can operate in 
narrow and congested thoroughfares with 
fewer delays, and consequently at a higher 
schedule sp)ccd, than tramcars. Another 
advantage of a trolley-bus system is that 
no expensive track has to be laid and 
maintained. On the other hand, the 
maintenance of the chassis and tires of 
a bus is more costly than that of the 
corresponding portions of a tramcar ; the 
energy consumption is greater ; and the 
vehicle accommodates fewer passengers. 

A tramway system is, therefore, better 
suited for handling very heavy and dense 


traffic in large cities, as the earning 
capacity of the expensive track is then 
fully utilized and a remunerative return 
for the invested capital is assured. A 
tramway system is always faced with the 
relaying of the track at intervals of from 
5 to 10 years, or less, according to traffic, 
in addition to the regular maintenance of 
the track and road surface, not only be- 
tween the rails, but also to a width of 15 
in. on each side of the track. When the 
system is working remuneratively the cost 
of such renewals and maintenance is pro- 
vided for automatically by annual pay- 
ments to a reserve or renewal fund. 
Similar payments allow for the replace- 
ment of tlic cars and equipment when 
these become obsolete after, say, 20 to 30 
years’ service. 

With some tramways, however, the 
financial conditions may be such that, 
when the worn-out or obsolescent stage is 
reached, the car replacements and track 
relaying can only be effected by the 
borrowing of new capital. The interest 
charges on this capital will still further 
increase the standing charges and 
embarrass the financial position of the 
undertaking. 

In such cases it would be preferable to 
replace the tramcars by trolley-buses, as 
the cost of relaying the track would be 
avoided, although the cost of making 
good the road surface for vehicular traffic 
would have to be incurred. Maintenance 
charges for track and road surface would 
also be avoided. The total capital expen- 
diture involved by replacing the tramway 
system with a trolley-bus system may, 
therefore, be considerably less than that 
of rehabilitating tlie tramway system, 
while the saving in interest charges may 
more than balance the increased mainten- 
ance charges on the trolley-buses {see 
further tinder Trolley-Bus). 

Electric Railways 

Suburban Lines. Electric traction on 
suburban lines becomes essential when the 
traffic density is high, as steam traction is 
incapable of handling such traffic economi- 
cally owing to the resulting low schedule 
speed and the delays at terminal stations. 
With keen competition from fast road 
transport systems, operating over parallel 
routes, the railway witli steam operation 
will often be unable to retain its patrons. 
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Electric traction is also essential for 
operation in underground and tube rail- 
ways and in long tunnels. It is also 
essential when smoke and steam are pro- 
hibited at terminal stations in large cities 
(e,g. New York). 

Electric traction on suburban lines not 
only gives a higher schedule speed, com- 
pared with steam traction, but also a 
higher utilization of the tracks, thereby 
enabling a greater number of trains per 
hour to be run over a given track. More- 
over, with motor-coach trains (as now 
universally used for suburban services) the 
length of train can be increased to the 
limit imposed *by the length of the plat- 
forms, and the schedule speed will not be 
affected thereby. 

Electric traction has the following 
advantages for suburban lines : (i) High 
schedule speed with frequent stops is 
possible because of the large supply of 
energy available from the power supply 
system, combined with the large short- 
time overload capacity of the electrical 
equipment, and the large tractive effort 
which can be obtained from the driving 
wheels of a motor-coach train without 
excessive axle loadings. 

(2) A short lay-over time only is neces- 
sary for the trains at terminal stations, 
owing to the few signal movements re- 
quired to admit and release a motor- 
coach train ‘from a terminus. Moreover, 
no time is required for coaling, watering, 
or cleaning fires, as with steam traction. 

(3) Improved train service, which, due 
to the high utilization of the track, is 
limited only by the signalling capabilities 
of the line. 

(4) High traffic utilization of the trains 
owing to absence of coaling, watering, 
cleaning of fires, cleaning of boilers, 
renewal of fire bars, etc. 

(5) Low costs of maintenance and re- 
new^ charges. 

(7) Smaller personnel necessary owing to 
,the fewer number of trains in service and 
the absence of a fireman on each train. 

Main Lines. Electric traction on main 
lines is necessary in cases when : 

(i) high-grade steam coal suitable for 
locomotives is scarce and expensive, elec- 
trical energy being available either from 
’i^ater-power plants or steam-power 
'"Stations burning low-grade coal ; (2) the 
;>route crosses mountain ranges with long 


and steep gradients and/or longf tunnel^;; 

(3) the operating conditions {e,g, absence* 
of smoke, cinders, etc.) are to be improved. 

The advantages of electric traction 
over steam traction for main lines may be 
summarized as follows : (i) Electric 

traction is safer and more economical in 
operation and maintenance than steam 
traction on lines having steep and long 
gradients or long tunnels. The greater 
safety in operation on gradients is due 
to the employment of electric braking on 
the locomotive, thereby freeing the brakes 
on the vehicles and pre\'enting the possi- 
bility of loose wheel tires (which is liable 
to occur, due to overheating, when the 
ordinary wheel brakes are applied for long 
periods). 

(2) Higher operating speeds are prac- 
ticable on gradients, due to electric braking 
and the relatively large power available 
from the supply system. 

{3) Heavier trains can be handled on 
the gradients, due to electric braking and 
the easier and smoother control of the 
electric locomotive compared with the 
steam locomotive. 

(4) The electric locomotive, although 
slightly more costly initially, than a steam 
locomotive of corresponding output, costs 
relatively little to maintain, whereas the 
maintenance of a steam locomotive is a 
very considerable item. Moreover, the 
electric locomotive can be kept in service 
for long periods and its operation is un- 
affected by abnormal weather, such as 
severe cold in winter. Further, the life 
of an electric locomotive is longer than 
that of a steam locomotive. 

(5) Electric heating of the trains gives 
greater comfort to the passengers than 
steam heating, and requires less main- 
tenance than the latter. Moreover, the 
carriages may be preheated when standing 
in the stations. Further, the heating 
system does not become frozen in winter. 

(6) No coal wharves, stocked with high- 
grade steam coal, or water towers (for the 
coaling and watering of steam locomotives) 
are necessary ; likewise locomotive running, 
sheds or " round houses are unnecessary. 

(7) An electric locomotive is not usually 

completely incapacitated by a defect in 
one of the driving motors, as in many cases : 
the defective motor can be cut out otM: 
service and the locomotive can proceed op;;^ 
the remaining motors. , , 
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Objections to Main-Line Electrification 
in Great Britain. With the exception of 
the Southern Railway (which has a large 
mileage of suburban and main lines — 
Central Section — working with electric 
traction) all the railways in this country 
are apathetic towards main-line, and, in 
many cases also, suburban-line, electrifica- 
tion, notwithstanding the fact that the 
Weir Commission on main-line electrifica- 
tion showed that such electrification would 
be beneficial to the country and that it 
would ultimately be more economical than 
the present steam-operated system. 

The chief objections to universal elec- 
trification of the main lines in tliis country 
are apparently (i) the large cost which 
would be involved, and (2) the existence 
of a plentiful supply of high-grade steam 
coal. 

It is probable, however, that in the near 
future considerable improvements may be 
made in the heat efficiency of electric 
power plants burning low-grade fuel, in 
which case electrical energy could be 
supplied to the railways at such a low price 
that the reduced operating costs under 
electrical working would soon pay for 
the cost of electrification. 

Suburban-Line Systems. The direct- 
current system, at boo to 700 volts, is 
universally employed for suburban elec- 
trification, as the D.C. series motor (q.v.) 
has the best operating characteristics, the 
highest efficiency, and the lowest weight — 
in comparison with other types of motors 
— for this service. In some cases, however, 
a higher voltage — 1,500 volts — is em- 
ployed, thus leading to economy in the 
distribution system and reducing the 
number of sub-stations. 

Main-Line Systems. The D.C. and A.C. 
(single-phase and three-phase) systems 
are in extensive use, the total mileage ol 
these systems for the whole world being 
approximately : 

Direct-current 10,000 miles 

Alternating-current, single- 
phase 10,000 „ 

Alternating-current, three- 

phase 2,000 

D.C. System. The direct current system 
is in use at voltages of 600, 1,500, 2,400 
and 3,000 volts, the lowest of which 
{i.e, 600 volts) is employed only for short 
distances (about 50 miles), when the main 


line forms an extension of an extensive 
suburban system, as on the Southern^ 
Railway (Central Section). Voltages of 
1,500 and 3,000 volts are now standard, ^ 
the lower voltage being employed for the 
shorter distances (100 miles) with heavy 
traffic, and the higher voltage for. the 
longer distances. 

Single-Phase A.C. System. This is used 
extensively for main lines in Europe, 
the distribution voltage being i5»poo volts 
and the frequency ibrj cycles per second. 

In America, however, the distribution , 
voltage is usually 11,000 volts and thev 
frequency is 25 cycles per second. S 

The low frequency is essential in order 
that the series type of motor (which is the 
only type of single-phase motor suitable 
for traction service) may be used. Hence 
when energy is purchased from an indus- 
trial supply network (on which the fre- 
quency is 50 cycles per second) frequency 
changers (q.v.) in addition to transformers 
must be installed in the sub-stations. 

To obviate this disadvantage schemes 
have been developed for supplying the 
traction distribution system with single- 
phase energy at 50 cycles from the 
industrial supply network, and to convert 
this energy, by converting plant on each 
locomotive, into suitable form for the 
traction motors. In one successful scheme 
(due to de Kando, and in service on the 
Hungarian State Railways) single-phase 
energy, at 16,000 volts 50 cycles, is sup- 
plied to all locomotives and is converted 
by a phase converter on each locomotive 
to three-phase energy at 50 cycles tor use 
in the three-phase induction-type 1,800- 
h.p. driving motor. 

Three-Phase A.C. System. The three- 
phase alternating-current system is used 
extensively on the State Railways in 
North Italy, on which many long lines, 
steep gradients and long tunnels occur. 
The distribution voltage is 3,600 volts, ^d 
the frequency is 16^ cycles. The medium 
voltage ot 3,600 volts was chosen to 
enable the traction motors to be supplied 
directly from the distribution system, and 
the low frequency of i6§ cycles enables 
the low-speed gearless motors (with which 
the locomotives are equipped) to operate 
at high power-factor and efficiency. 

The electrification of these Italian lines 
was commenced in the early days pf . 
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electric railwaj^s, and before the high- 
voltage direct-current and single-phase 
systems had been perfected, and tlie three- 
phase system was chosen principally 
because of tlie facility and effectiveness 
with which electric regenerative braking 
(q.v.) can be obtaineci, no additional 
apparatus being necessary for this purpose. 

The chief disadvantage of the three- 
phase system, compared with tlie direct- 
current and single-phase systems, is tliat 
two overhead high-\'oltage conductors are 
necessary for cacli track. 0\'erhead con- 
struction is therefore comjilicated, par- 
ticularly at junctions and cross-overs. 

Choice of Main-Line System. This 
involves the consideration of many fac- 
tors, particularly the national sources of 
energy and the national industries of tlie 
country concerned. At the jiresent day 
the high-voltage direct-current system and 
the single-phase system aie each capable 
of giving satisfactorv service, and neither 
system has such outstanding technical 
merits as to give it superiority over the 
other system in all circunistances. 

For example, in tlie D.C'. system the 
motors have a high efficieiK'V and their 
maintenance cost is low ; but the distribu- 
tion system is costly (on account of tlie 
relatively low voltage) and numerous 
sub-stations are recpiired. 

In the single-phase system the motors 
are more costly both initially and in 
maintenance, their efficiency is lower 
than those for the D.(\ system, and an 
expensive transformer forms a necessary 
part of the motor equipment ; but the 
distribution system is very much cheaper 
than that for the D.C. system on account 
of the moderately high voltage and the 
small number of sub-stations. 

The three-phase system posses.ses ad- 
v^antages of its own, particularly when 
the distribution voltage is so chosen that 
transformers arc unnecessary on the 
locomotives ; but the complication in the 
overhead construction is looked upon by 
the majority of electric-railway engineers 
as insurmountable, and, in their opinion, 
entirely outweighs the advantages of the 
system. 

Composite A.C. and A.C. D.C. Systems. 

The straight low-frequency single-phase 
system with series motor equipments is 
unsuitable when regenerative braking is 


required on a large scale, owing to the 
low efficiency and low power factor during 
braking, and the relatively heavy auxiliary 
apparatus which is necessary for this 
purpose. 

Hence, when regenerative biaking is 
of prime importance, as on mountain 
grades, and the advantages of a high- 
voltage single-phase distribution system 
are desired, the locomotives are equipped 
with either phase converters or motor 
generators {q.v,) to convert the single- 
phase energy into either three-phase or 
direct-current energy for the traction 
motors (which arc of the direct-current 
or three-phase induction type as the ca.se 
may be). 7'wo American railways {viz. 
the Norfolk and Western, and the Great 
Northern) employ such compo.site systems. 

Other Forms of Traction 

Diesel-Flectric Traction. The Diesel en- 
gine is a high-compression internal-com- 
bustion engine having a high thermal 
efficiency and working with relatively 
cheap, heavy oil fuel. A Diesel 
locomotive, therefore, would possess .simi- 
lar advantages to a steam locomotive, in 
that it is independent of an external 
power sup])ly system. But the Diesel 
engine, in common with all internal -com- 
bust ion engines, is incapable of develop- 
ing large torques at low speeds, and 
change-speed gearing is necessary to 
adapt the engine characteristics to trac- 
tion purposes. Such gearing is* incapable 
of giving satisfactory service for high 
powers, and this difficulty is overcome 
by employing an electric system for the 
power transmission. 

The Diesel-Electric System. In this 
system the Diesel engine is coupled to a 
D.C. generator and operates at approxi- 
mately constant speed, although in some 
cases a limited range of engine .speed 
control is employed to obtain an increase 
of output at the higher train speeds. 
The D.C. generator supplies the traction 
motors (which are of the ordinary series- 
wound type), and starting and speed 
control of these motors is effected by 
variation of the voltage of the generator, 
the latter being separately excited from 
an auxiliary generator, which is also 
coupled to the engine. The auxiliary 
generator also supplies energy for the 
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auxiliary equipment, lighting equipment, 
and battery charging ; it is also used as a 
starting motor for the engine, energy being 
supplied from the storage battery. 

Diesel-electric traction is eminently 
suitable for railways which can obtain 
adequate and cheap supplies of suitable 
fuel oil, and where coal and water power 
are scarce or unavailable. As the Diesel 
locomotive has no standby losses— such 
as occur in a steam locomotive — the sys- 
tem is suitable for railways on which the 
traffic is light and the service is infrequent, 
as considerable economies can be e fleeted 
in comparison with steam operation, even 
when coal is available. 

High-power locomotives could be built , 
when required, for main-line service, but 
they would be much heavier than a steam 
or electric locomotive of equal power, and 
their maintenance would be more costly 
than that of a steam locomotive of cor- 
responding output. In general, under 
British main-line conditions, the operat- 
ing costs (including running, maintenance, 
renewals, and overhead charges) ot Diesel- 
electric traction would probably he higher 
than those for steam traction. Moreover, 
the operation of the railway system would 
be dependent upon Iree supply and low 
cost of the fuel oil. 

Storage Battery Traction. This form 
of traction is only ])os.sible when adequate 
facilities arc available for recharging or 
changing the batteries. At the present 
time its application is restricted to 
shunting and works locomotives ; com- 
mercial delivery vehicles in large towns ; 
platform trucks at large railway stations ; 
underground haulage in mines. 

There are a few isolated e.xamples of 
railway traction with storage batteries, 
c.g. the Great Southern Railways of 
Ireland (motor-coach operation with 
Drumm batteries (q.v.) on a short subur- 
ban line), and the South India Railway — 
Madras electrification — (electric locomotive 
operation beyond the electrified sections, 
by means of batteries carried on tenders, 
which are coupled to the locomotives at 
the terminus of the electric section). 

Commercial Electric Vehicles. The 
commercial electric vehicle for town 
delivery service may, in the near future, 
be employed in large numbers, particu- 
larly if favourable “ off-peak ” charging 


tariffs are available. Such vehicles have 
a number of advantages over petrol- 
driven and horse-drawn vehicles, and arc 
preferred to petrol-driven vehicles by a 
number of transport companies, specializ- 
ing in the transport of food-stuffs, owing 
to the absence of .smell and fumes. 

Outstanding features of the electric 
vehicle, compared with a petrol-driven 
vehicle, are — the low h.p. rating of the 
driving motor, the simplicity of control 
and rnancjeuvring, the impossibility of 
abuse by excessive speed, the exception- 
ally low maintenance of the driving motor 
and control gear. 

A modern light delivery van for loads 
up to 7 cwt. will run about 40 miles on 
a single charge, and will require about 
12 kWh. of energy from the electric 
supply for the recharging of its batteries. 

The battery usually consists of 40 lead- 
type cells or 60 alkalinc-tyf)c cells, these 
numbers being chosen so as to be suitable 
for charging directly from iio-V mains. 
The lead battery is the heavier for a 
given ampere-hour rating, but is the more 
compact and gives less variation of voltage 
on discharge. 

Electric Traction in Mines. Some of 
our more progressive collieries are now 
employing electric traction for under- 
ground and surface haulage when the 
conditions are suitable. In the Harworth 
Colliery electric traction is also employed 
underground for the transport of the 
colliers from the pit shaft to the working 
face, thereby saving these men half an 
hour's walk in each direction. 

In all cases locomotives are employed, 
which are propelled by energy derived 
either from storage batteries carried on 
the locomotive or from an overhead 
trolley wire. The former method of 
operation is used underground, and the 
latter on the surface, although some large 
non-fiery American and European mines 
employ the overhead trolley .sy.stem both 
on the surface and underground. 

The locomotives for underground service 
are characterized by (i) the narrow gauge 
(18 in. to 24 in.), and (2) the low overall 
height. They have usually two axles, 
which are either driven by separate 
motors, or collectively driven from a 
single motor. On account of the very 
restricted space available for the motors, 
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the aggregate rating of a locomotive 
rarely exceeds 8 h.p. 

A typical locomotive weighs about lo 
tons and is capable of hauling loads of 
from 5 to 20 tons on the level at speeds of 
() and 3 m.p.h. respectively. The loco- 
motive is capable of pulling a load of 5 
tons up a gradient of i in 20, and of 
exerting a starting pull of 2,000 lb. 

OPERATING PRINCIPLES: 
Schedules, Power and Energy 


applied to the motors at the point C. 

(2) A portion, CD, of gradually de- 
creasing slope {i.e. gradually decreasing 
acceleration), corresponding to the speed- 
ing-up of the train to its maximum speed. 
The shape of this portion depends entirely 
upon the shape of the speed-torque 
characteristic — between the speed limits 
represented by the points C and D — of 
the driving motors. Power is cut 
off at D wliile the train is still ac- 
celerating. 


Speed-Time and Distance-Time Curves. 

These curves show respectively the speed 
of a vehicle or train at any given instant, 
and its position, or the distance run, from 
the start. They have very important uses 
in connexion with the determination of 
schedules, and the calculation of the 
power required for propulsion. 

For example, (i) the area enclosed by a 
speed-time curve for a given time interval 
represents the distance run by the vehicle 
or train during this interval, (2) the slope 
of the curve at any point represents the 
acceleration or retardation at that instant, 
an upward (or positive) slope representing 
acceleration and a downward (or negative 
slope) representing retardation (sometimes 
called deceleration). 

Hence from a speed-time curve repre- 
senting the run of, say, an electric 
train between two stations or stop- 
ping points, the average running . 40 
speed and the schedule speed of the 
train may be calculated as shown ^ ^0 

ao 

A typical speed-time curve for an S 
electric train working suburban ^ 
service on level track is shown in ^ 
the upper portion of Fig. i, and the 
corresponding distance-time curve 
is shown in the lower portion of 
this figure. / S’ 

The particular shape of the speed- 


time curve is typical for suburban 
operation with D.C. series motor ^ 10 
equipments. This curve (Fig. i) i 
consists of four definite portions, ^ 
viz. : O’S 

^1) An initial portion, O C, of ^ 
constant slope (i.e. constant acceler- ^ 
ation) corresponding to the starting 0 


(3) A coasting portion, D E, during 
which the train runs (without power) by 
its own momentum, the speed gradually 
decreasing due to the resistances to motion. 
The retardation during the coasting period 
is considered to be constant in the diagram, 
but in fact the value of the retardation 
changes slightly with changing speed, due 
to the resistances to motion varying with 
the s])eed. If these changes were taken 
account of, however, and the actual 
coasting curve were drawn on the diagram, 
it would be indistinguishable from a 
straight line. Coasting ceases at E, when 
the brakes are applied. 

(4) A braking portion, E A, during 
which a high retardation is produced by 
the brakes, the train being brought to 
rest at A. 



period during which the starting 
rheostats are cut out from the 
Hiptor circuit, full voltage being 


20 40 60 eo too no /40 i€0 /60 200 
Tt'me Seconds 

TRACTION. Fig. 1. Speed>time and distance-time curves for 
electric tram working on suburban service. 
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The distance-time curve in Fig. i corre- 
sponds to the speed-time curve in that 
diagram ; the points F, G, H repre- 
senting the distances at the instants 
corresponding to the points C, D, E on 
the speed-time curve. 

Acceleration and Retardation Values. 
For typical urban and suburban service, 
the vdues of acceleration, coasting retard- 
ation, and braking retardation are approxi- 
mately as follow : 

Mean acceleration {i.e. slope of O C) during 

starting . . . . I’o to 1*3 m.p h. per second. 

Coasting retardation . , o*i m.p.h. per second. 
Braking retardation .. 175 to 2*25 m.p.h. per 
second. 

For modern trolley-bus services, the 
values are approximately : 

Mean acceleration during starting . . 2 to 2- 5 m.p.h. 

per second. 

Coasting retardation . . 0*37 m.p.h. per second. 
Braking retardation . . 2*5 to 3 m.p.h. per second. 

Average Speed and Schedule Speed. If 

the total distance of the run, represented 
by the ordinate A J, is divided by the 
time of the run, represented by 0 A, we 
obtain the average, or mean running, 
speed. This, expressed in miles per hour, 
is represented by the ordinate 0 M in the 
speed-time diagram. Hence the area of 
the rectangle O M N A will be equal to 
that enclosed by the speed-time curve 
0 C D E A, since both of these areas 
represent the same quantity, viz. the 
distance of the run. In other words the 
horizontal line M N is the mean height of 
the speed-time curve O C D E A. 

If the time of the stop, A B, is added to 
the running time, O A, tlie quotient ob- 
tained by dividing the time, O B, into the 
distance, A J, is called the schedule speed. 
Tliis, expressed in miles per hour, is 
represented by the ordinate 0 P in the 
speed-time diagram. The area of the 
rectangle O P Q B is equal to that of the 
rectangle O M N A, and is also equal to 
the area of the speed- time curve 0 C D E A. 

The time, O B, is called the schedule, or 
hooked time, and is the time which is given 
in the time tables. 

Importance of Short Stops. Observe 
that when the running time, OA, is 
relatively short, as in tramway, trolley-bus, 
and short-distance suburban service, the 
time of stop must be correspondingly 
short, otherwise the height of the rectangle 
0 P Q B will be much lower than that of 
rectangle 0 M N A. 


traction: 

For example, if the distance between 
stations is 0*5 mile and the average runniiig 
speed is 20 m.p.h., the schedule speeds 
corresponding to stops 10, 20, and 30 
seconds will be 18 m.p.h., 16*35 m.p.h., 
and 15 m.p.h. respectively. The 30-second 
stop, therefore, results in a 17 per cent, 
reduction in schedule speed compared with 
a lo-second stop. 

The reduced schedule speed due to 
prolonged station stops very seriously 
affects the working of railways with dense . 
traffic (sucli as the London Underground 
railways), since it : — (i) reduces the 7 
number of trains per hour on a given 4; 
length of track, (2) reduces the number of 
miles which a given train can run during 
a service period, (3) requires more rolling 
stock for a given volume of traffic. 

Simplified Speed-Time Curves. The 

speed-time curve shown in Fig. i can be 
drawn only when full particulars of the 
train and its equipment are available. 
For preliminary work a diagram of simple 
geometrical shape is necessary, and two 



Time- Stands 

TRACTION. Fig. 2. Simplified geometrical speed- 
time curves for preliminary working out of a service. 

suitable shapes are sliown in Fig. 2. In 
each case the acceleration and braking 
retardation are the same as those in the 
actual speed-time curve, and, of course, 
the area enclosed by all the diagrams is 
the same. Such simplified diagrams are 
very useful in showing the effect of 
acceleration, braking retardation, maxi- 
mum speed, etc., on a service. The 
diagrams in Fig. 3 are typical examples. 

Power and Energy Requirements. The 

actual energy necessary for the propulsion 
of a car or train is expended (i) in accelera^ 
tion, (2) in resistances to motion, including ' ^ 
effects, if any, due to gravity. 

The energy necessary for acceleration is, 
in all cases of short-distance runs, veiy 
much greater than that expended against 
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TRACTION. Fig. 3. Geometrical speed-lime curves 
showing periods of acceleration, coasting, braking, 
with corresponding distance-time curves 


the resistances to motion. I'he lormc'r is 
stored in the train or vehicle, and is 
recoverable during coasting or regenera- 
tive braking. But vvlien the })o\ver 
brakes are ap])lied tlie remaining stored 
energy is dissipated in the brake .shoes 
and wheel tires. Tlie amount ot enevgv 
dissipated thereby may, in the ease ol 
short-distance runs at higli .schedule 
speeds, be as mucli ,is 70 per cent, of the 
total energy required for propuLsion. 

The energy is calculated by a]jplying 
the fundamental principles ol mechanics 
{e.g. energy pow'er time force 
X distance), and, in electric traction, is 
expressed in electrical units, e g. kWli or 
Wh. 

Tractive Effort, d'he projiulsive force 
in all modern forms of electric traction is 
exerted at the rims, or treads, of the driv- 
ing wheels, and such force is called 
tractive eftort. The tractive effort 
required for acceleration on le^'el track is 
calculated from the formula : 

F = iu2 ]Vt a, wiicTc F IS llu' tractiv'^f c/Tort 
in lb, the effective ma.ss in tons, and a is 
the acceleration in miles per hour per second. 

The effective mass [\\\) is from 8 to 12 
per cent, greater than the dead ma.ss, in 
order to take into account the force 
necessary for the angular acceleration of 
the wheels and motor armatures. 


Tractive Resistance. The tractive effort 
required for the resistances to motion 
(excluding gravity) is equal to the actual 
value of such resistances. In traction 
work the tractive re.sistance is cxpre.ssed 
in lb. per ton of vehicle, or train weight, 
and may vary between wide limits 
{e.g. 5 and 55 lb. per ton), according to 
the class of vehicle, road or rail surface, 
sp)ced, etc. 

For rail traction and suburban railway 
conditions the tractive re.sistance for 
])reliminary calculations is as.surned at an 
average ap})roxiniate valiK' of 10 lb. per 
ton ; for tramway operation an average 
value of 20 lb. ])er ton is assumed ; and 
for trolley-bus o])eration a value of 40 lb. 
])er ton is a.ssumed. These values are 
purelv" rough axerage values, but for the 
servi('es mentioned they are quite suffi- 
cient for calculations of .schedules and 
energy ox.ing to the inTjxmclerating effect 
of acci'lcratiou. 

Example. The tractix’o effort neces- 
sary for tlie propulsion of a 200-1 on train 
at ail acceleration of 1*2 m.p.h. ])er second 
on level track is ('alculated as follows: 

Allowing 12 per cent, lor the rotational 
inertia of tlie revolving jxirts {i.e. 
\\'\ - 1*12 200 — 224 ton.s), the 

tractive eftort for acceleration = 102 X 
224 1-2 : 27,400 lb. 

Allowing 10 11 ). j)er ton for tractive 
resi.slaiice, the ti active effort required 
lor resisiances ' ' jo >' 200 2,000 lb. 

Whence the total tractive effort required 
lor pnq)ulsion — 27,400 -| 2,000 -~ 

2q,4(K) lb. 

Gradients. The (died of gravity exerts 
a force whicli oppo.ses motion on a ri.sing 
or “ up gradient, and a.ssists motion on 
a falling or “ down " gradient. This 
force is ecpial to 22-4 lb. per ton for each 
I per cent, of gradient. It is commonly 
called the “ grade re.sistance." 

On up gradients additional tractive 
effort is necessary to balance the gravita- 
tional force if the acceleration or speed 
is to be maintained. For example, for the 
proyjulsion of the above 200-ton train at 
an acceleration of i-2 m.p.h. per second 
up a gradient of i in 200 (— 100/200 = 
0-5 per cent.) an additional tractive effort 
of (22*4 X 200 X 0*5 =) 2,240 lb. is 
necessary, thus making the total tractive 
effort equal to 29,400 + 2,240 = 31,640 lb. 
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TRACTION. Fig. 4. 
Tractive effort power 
and energy diagrams 
drawn to scale for the 
corresponding speed- 
time curves. 


An example of a power diagram is shown 
in Fig. 4, and corresponds to the tractive- 
effort diagram there shown. Observe 
that the maximum oiit])ut occurs at the 
end of the period of initial (constant) 
acceleration. 

The power input, i.e. the power taken 
from tlie siij)ply system at any instant, is 
equal to the power output plus the lo.sses 
in the motors, mechanical transmission, 
and rheostats, if any. 

During the starting period considerable 
losses occur in the motors and starting 
rheostats. The diagram for the power 
input during this period will, therefore, be 
entirely diflerent from that lor the power 
output, the exact form depending upon 
the type of motor and system of control. 

Energy. The energy required for pro- 
pulsion is represented by the area of the 
output power-time diagram. 

In traction work the term Energy 
Con.sumption is applied to the energy 
input to the car or train from the supply or 
distribution system, and to enable com- 
parisons to be readily made the energy 
consumption is expressed in kWh per 
train (or car) mile : — 

Faiergy in])ut (in kWh) to the train 
(or car) for a p^ivcn run. 

Distance of run (in miles). 
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Tractive Effort Diagrams. An example 
is shown in Fig. 4, and is drawn to scale 
for the corresponding speed-time diagram. 
A i20-ton train and level track is assumed. 

Power Output and Input. The power 
output from the driving axles at any 
instant is equal to the product of the 
corresponding values of tractive effort 
and speed. The power, in kilowatts, is 
given by : — * 

P = 0-002 F V, 

where F is the tractive effort, in lb., 
and V the speed in m.p.h. 


Alternatively, the specific energy con- 
sumption is expressed in watt hours per 
ton mile : — 

Energy input (in Wh) to the train 
for a given run. 

Distance of run (in miles) X weight of 
tram (in tons). 

For tyy^ical suburban service, such as 
the Southern Railway, average approxi- 
mate calculated values of energy con- 
sumption arc (for level track and a 3- 
coach train) : — 

50 Wli per ton mile, 

0 kWh per train mile (T20-ton train). 

Such values, however, vary with varying 
service conditions and train equipment. 

Adhesive Weight. In order that the 
required tractive el fort may be produced 
at the driving wheels, the pressure between 
these wheels aud tlic rails must be sufficient 
to ])revent slipping. The total pressure 
or weight on the driving wheels of a 
vehicle or train is called the adhesive 
weight. 
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Coefficient of Adhesion. Slipping of the 
driving wheels will occur when the tractive 
effort exceeds the frictional force between 
the driving wheels and track. The ratio 
of the tractive effort which will just cause 
slipping and of the adhesive weight is 
called the coefficient of adhesion. Its 
value depends upon the nature and 
condition of the track and wheel tires, and 
also upon the speed. Approximate values 
for steel .wheels and rails and starting 
conditions are : 0*25 for dry rail ; 0*3 for 
dry sanded rail ; 0*15 for moist greasy 
rail ; 0*2 for thoroughly wet rail. 

Axle Loading. The permissible load 
which can be placed upon a pair of driving 
wheels is governed by the strength of the 
permanent way and bridge structures. 

For British railway conditions the 
customary axle loading is about 20 tons 
(maximum), but in cases where the track 
has been specially rebuilt heavier loadings 
up to 22i tons are permissible. 

The number of driving axles follows 
directly by dividing the adhesive weight 
by the permissible axle loading. The 
value so obtained represents the minimum 
number of driving axles, but it does not 
necessarily follow that this number should 
be employed in practice. 

Train Operation Systems 

Traffic on railways may be handled 
either by locomotives and trailing vehicles, 
carrying the passengers or goods, or by 
motor coaches {i.e. passenger or goods 
caiT5dng vehicles equipped with motors) 
with or without trailers. 

Motor-Coach Trains. These consist of 
one or more motor coaches and a number of 
trailers. All coaches carry passengers — in 
some cases goods also — and the motor 
coaches are each equipped with current 
collectors, motors, and control gear to form 
independent power units. The motor 
coaches are electrically coupled and 
arranged so that the control of the entire 
train can be effected from the leading or 
(^ving coach. 

These trains have a number of important 
advantages over locomotive train opera- 
tion for suburban service. Thus : (i) 
shunting operations at terminal stations 
are eliminated ; (2) siding accommodation, 
loops or turn-tables are also eliminated ; 
,($) the passenger load is utilized for 


adhesion ; (4) the distribution of ' th6 

motive power throughout the train enables 
the large tractive effort necessary for 
rapid acceleration to be obtained with 
light axle loadings (the individual axle 
loadings being very much less than those 
which would be necessary for a locomotive 
under similar conditions) ; (5) the com- 
position and length of the train can be 
readily clianged to suit variations in the 
traffic, and if the proportion of motor 
coaches to trailer coaches is maintained 
constant the schedule speed and specific 
energy consumption will remain constant ; 
(6) fewer signal and train movements are 
necessary at the terminal stations, in 
consequence of which a larger number of 
trains can enter and leave these stations 
during the rush-hour periods ; (7) less 

track space and accommodation is neces- 
sary at the terminal stations. 

Train-Unit. Many railways prefer to 
close couple one or two motor coaches and 
one or two trailers, and to operate these 
coupled coaches as a “train unit “ of 2, 3 
or 4 coaches, as the case may be. 

Two- and three-coach train-units are 
employed on many suburban lines, and 
variations of traffic are handled by trains 
made up of one or more train-units. A 
five-coach train-unit (2 motor coaches, 3 
trailers) is used on tlie main lines (London- 
Brighton-Worthing) of the Southern Rail- 
way. 

Electric Locomotives 

At least three types are required for an 
extensive main-line electrification, viz. 
(i) “ express passenger “ locomotives giv- 
ing large outputs (1,000 to 2,000 h.p.) at 
high speeds (60 to 90 m.p.h.) ; (2) “ goods'' 
locomotives giving large outputs at low 
.speeds ; (3) “ shunting “ locomotives for 
working marshalling yards and large 
storage and sorting sidings. 

Wheel arrangement has more variations 
in electric locomotives than in steam loco- 
motives, due to the facts that the driving 
axles of an electric locomotive may be 
driven either individually or collectively, 
and that, in the latter case, the collective 
drive may be common to the whole loco- 
motive or may consist of a number of 
Individual groups of wheels each collec- 
tively driven. 

Classification. The system of classifica- 
tion in general use for electric locomotives 


1296 





TRACTION 


indicates by a letter (A representing i, B 
representing 2, etc.) the number of driving 
axles mounted in a common frame or 
truck, and by numerals the number of 
non-driving axles. The subscript q indi- 
cates that axles are individually driven. 

For example, BqBo indicates a double 
truck or bogie locomotive, each truck of 
which has two driving axles individually 
driven ; BB indicates a similar locomotive, 
but with coupled driving wheels on each 
truck ; B+B indicates a similar loco- 
motive with the addition of a hinge joint 
between the trucks (in addition to the 
ordinary swivelling joints for the body) ; 
2C0I indicates a 6-axle locomotive having 
three driving axles individually driven, a 
leading non-driving two-axle truck and a 
trailing non-driving axle ; iDi indicates 
a 6-axle locomotive with four cou])led 
driving axles in a common frame and with 
a leading and a trailing non-driving axle. 

Power Plant. This may consist of either 
one or two motors of large output, or a 
number of motors of moderate output ; 
the former being necessary for collective 
drives and the latter for individual axle 
drives. 

The choice of the number of motors 
depends upon a large number of conditions, 
such as : supply system, voltage (in D.C. 
systems), wheel arrangement, .sj^stem of 
power transmission, speed control, etc. 
For example, the large D.C., 3,000- volt, 
4,000-h.p. locomotives of the Chicago, 
Milwaukee and St. Paul Railway have 12 
motors ; the D.C., 1,500- volt, 4,000-h.p. 
locomotives of the Paris-Lyons-Meditcr- 
ranean Railway have four motors ; the 
three-phase, 2,600-h.p. locomotives of tlie 
Italian State Railways have two motors ; 
the single-phase 3,oo()-h.p. locomotives ot 
the Swiss Federal Railways have four 
motors ; the split-phase (single-phase/ 
three-phase), i,8oo-h.p. locomotives of the 
Hungarian State Railways have a single 
motor. 

Number of Motors. In general, D.C. 
locomotives will require a minimum of 
four motors to obtain adequate and effi- 
cient speed control. Single-phase loco- 
motives, however, are not subjected to 
such a restriction, and the number of 
motors can be chosen entirely trom the 
point of view of convenience of power 
transmission and wheel arrangement, in- 


dividual axle drive being necessary for 
high-speed passenger service. 

Three-phase locomotives are usually 
equipped with two motors mechanically 
coupled, as the individual axle drive is 
unsuitable for these locomotives owing to 
the unequal loading of the motors with 
unequal wear of the wheel tires. 

Power Transmission. The power may 
be transmitted from the motors to the 
driving axles in a number of ways, such 
as : 

(1) Gear drive to individual axles from 

(a) axle-mounted motors ; (b) frame- 

mounted motors ; (c) quill mounted motors. 

(2) Direct drive to individual axles from 
armatures directly on axles. 

(3) Geared collective drive. 

(4) Direct collective drive. 

Diagrams showing the general arrange- 
ment of these drives are given in Figs. 5 to 9. 

We can summarize the principal features 
and applications of different systems of 
power transmission as follows : 

(la). Geared Individual Axle Drive 
FROM Axle-mounted Motors (Fig. 10). 
This is the cheapest form of drive both in 
initial cost and maintenance, but results 
in relatively large uncushioned axle loads, 
as approximately one half of the weight of 
the motor must be carried un.sprung on 
the axle. The size of motor is limited 
by somewhat severe physical restrictions, 
viz. the diameter of the driving wheels and 
the inner distance between the wheel hubs. 
Twin gears are necessary for large motors 
(when the space restrictions allow such 
motors to be employed). The applications 
are chiefly to low-speed goods and shunting 
locomotives and light moderate-speed 
passenger locomotives. Large numbers of 
D.C. locomotives have been built and have 
given satisfactory .service with this drive. 

(i^). Geared Individual Axle Drive 
FROM Frame-mounted Motors. This 
drive relieves the axles of heavy un- 
cushioned loads due to the motors, which 
are now mounted on the frame of the 
locomotive. On account of the spring 
support between the locomotive frame and 
axles, the distance between a driving axle 
and the motor armature shaft is not a fixed 
quantity, and, moreover, the armature 
shaft may not always be parallel to the 
axle. The conventional gear drive is, 
therefore, impracticable, and a special 
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drive is necessary. The Brown-Boveri drive 
usually takes the form shown in Fig. ii. 
It is in extensive use in Switzerland, 
France and other countries on liigh-speed 
locomotives. 

As shown in Pig. ii, the gear wheel is 
mounted outside the driving wheel on a 
stub shaft. A, fitted to the framing ol the 
locomotive. 'Phis shaft will, therefore, 
always be at a fixed distance from, and 
parallel to, the armature shaft, thereby 
satisfying the conditions for a gear drive. 

The gear wheel is connected to the 
adjacent driving wheel, B, by a universal 
linkwork (comprising lour links, C, D, E, F) 
which is so designed that : (i) parallel 

movements of the driving axle relative to 
the gear-wheel shaft do not affect the 
uniformity in the transmission of torque, 
or the constancy of the angular velocities 
of axle and gear wheel ; (2) oblique move- 
ments cause onl}^ slight deviations of these 
quantities in each case. 

Two of the links (E, F) are ju voted in 
the gear wheel and are connected together 
by toothed segments ; their outer ends 
are connected by two other links, C, D, to 
spherical headed pins, Gj, Gg, fitted to the 
driving wheel. The links are located in 
recesses in the gear wheel, and the whole 
transmission is enclosed in an oil-tight 
casing and is lubricated by forced circula- 
tion of oil. 

(ic). Geared Individual-Axle Drive 
WITH Quill-mounted I\Iotors. This 
drive (P'ig. 17) also relieves the axles of 
heavy uncushioned loads, but as the 
gearing is arranged between the driving 
wheels the overall dimensions of the 




FJg. 11. The Brown-Boveri drive gear wheel is mounted outside the 
driving wheel on a stub shaft A fitted to the frame. 


TXiotor art' more restricted 
than those of the previous 
drive. In consequence, 
the quill drive is preferred 
for medium outputs (up 
to about 500 h.p. per 
axle) as it is cheaper than 
that with universal link- 
work. The quill (which 
surrounds the axle with 
sufficien t clearance, 
nominally about I inch, 
to allow for service 
movements of quill and 
axle) is connected to 
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TRACTION. Fig. 12 (left). 187-h.p. (1 
hour rating) traction motor to operate 
in pairs on an average line pressure of 
1,400 V. Fig 13(right). 430-h.p. motor 
of the forced ventilation type Foursuch 
single-reduction twin-geared motors are 
used to each locomotive 
Viinhsh Llrt trie Co . I Id 












Fig. 14 (left). Motor generator set, 1,500/125 volts 
at 10 kW for supplying auxiliary circuits on 
electric locos or multiple-unit trains. Fig. 15 
(above) Bogie truck of an articulated tramcar 
unit. Lighting and power jumpers are led out 
through connexion boxes. 

Itrittsh Thom'yon-Uini&lon Co , 1 hi , and ICnglish Eleclrie 
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Fig. 16. Main power circuit for Man- 
chester-Altrincham rolling stock. 
(Jcnctal Lletlric Co.. Ltd., of England. 
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TRACTION. Fig. 17. Geared individual axle drive 
with quill. For frame-mounted motors. 

U r.sl 

each dri\Tng wheel tlirough a double set of 
spiral springs (“ hour-glass type as 
shown in Fig. 17) which tran.smit the 
torque, half of the springs being in 
tension and half in compression. This 
drive, originated by the Westingliouse 
Co. and used on passenger locomotives in 
America, is now being u.sed on passenger 
locomotives in Europe for moderate axle 
outputs, 

(2). Direct Individual Axle Drive. 
This drive, with frame-mounted motors, 
is undesirable in practice on account of the 
limitations of motor output, speed, etc., 
which it imposes and also on account of 
the high cost. But the drive with the 
motor armatures mounted directly on the 
axles is a commercial proposition for 
high-speed D.C. locomotives, particularly 
in cases where a large number of driving 
axles is not objectionable and the output 
per axle is contined to relatively small 
powers (about 330 h.p.). The 
uncushioned load on the axle 
is then not excessive. 

In such cases a special bipolar 
motor is employed : the held mag- 
nets are built into the locomotive 
frame, and the pole faces are 
vertical to allow for relative 
movements of armature and pole 
faces when in service. 

Locomotives with such motors 
(built by the General Electric Co., 
Schenectady, U.S.A.) are in ser- 
vice on the New York Central and 
other American railways ; they 
have run successfully at speeds 


of 90 m.p.h., and their maintenance has 
been exceptionally low. 

(3) and (4). Collective Drives, 
Direct and Geared. The direct collec- 
tive drive was developed originally for 
ihrcc-phasc locomotives to enable frame- 
mounted motors to be used, and also to 
enable the rotors of two motors, when 
used, to be rigidly coupled mechanically. 
Due to the uniform torque of three-phase 
induction motors the forms of drive 
emplo\'ed have, in general, been successful. 

The most widely used form of drive is 
called the “ Scotch Yoke " and is shown in 
Fig. i(S. Several hundred locomotives 
witli this driv'e arc in service on the 




Fig. 18 The widely used “ Scotch Yoke ” drive as 
applied to three-phase locomotives. 


Italian State Railways. The direct col- 
lective drive, however, has not been 
so satisfactory with single-phase motors, 
as the larger dimensions of these motors 
necessitate a dri\x' with inclined con- 
necting rods, which in many cases have 
caused trouble due to the vibrations 
arising from the pulsating torque of the 
driving motors. 

The geared drive, however, enables 
higher-speed motors of smaller dimensions 
to be employed so that the gear shaft 
may be located sufficiently low in the 
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locomotive frame to permit Scotch yokes, 
or alternatively, nearly horizontal connect- 
ing rods (Fig. 19) to be employed. More- 
over, springs may be fitted in the pinions 
or gear wheels to damp the pulsations in 
the torque. Such geared drives are now 
employed extensively for heavy goods 
locomotives (D.C. and A.C.) ; they are 
also used on some moderate-speed pas- 
senger locomotives. 

For heavy goods locomotives the geared 
collective drive in its group form (e.g. 
C-fCoriC + Ci) with two single or twin 
driving motors is probably cheaper in 
initial cost and maintenance than the 
equivalent individual axle drive with axle 
hung motors, owing to the larger number 
of motors which would be necessary in the 
latter case. 

Speed Control 

In traction service the problems of 
speed control are more involved than 
those in industrial motor applications, and 
the requirements for suburban-line opera- 
tion are entirely different from those for 
main-line operation. 

Briefly stated these requirements are : — 

Suburban Operation. The train is 
required to be started and accelerated as 
rapidly as practicable to the maximum 
speed corresponding to the particular 
.service. No alternative running speeds 
are required for normal service, but a low 
speed must be provided for shunting 
operations. 

The number ol starts per hour a\'erage 
about 20 for ordinary suburban service, 
but may reach 43 per liour for urban 
service. 

In consequence of the large number of 
starts per hour the energy losses during 
the starting period are ol prime 
importance. 

Main-Line Operation. Passenger trains 
are required to be started and accelerated, 
with moderate acceleration, to the speed 
suitable for the particular section of the 
track on which the train is running. A 
number of operating speeds is necessary 
to cover working over special track, 
gradients, etc. Running at speed (which 
may have to be controlled) is required for 
relatively long periods, and starting is, 
therefore, very infrequent. 

In this case, efficient speed control and 


efficient operation over the range of 
running speeds are of prime importance. 

Goods-train operation differs from pas- 
senger-train operation in two important 
aspects — (i) the maximum speed is 
lower and (2) the starting may become 
difficult and may be prolonged, especially 
if heavy trains have to be started on 
gradients with tractive efforts closely 
approaching the limiting value at which' 
slipping of the driving wheels occurs. 

In such cases the control equipment is 
subjected to very severe stress during 
the prolonged starting operations. 

Motor-Coach Suburban Train Control. 
These trains (which almost universally 
have D.C. series-motor eejuipments) are 
controlled on the scries- parallel multiple- 
unit system. Each motor coach is 
equipped as a complete power unit (i.e. 
with current collectors, motors, series- 
parallel controller and starting rheostats), 
and all the power units are controlled 
synchronously from the driving position. 
To enable this to be effected a remote 
control system is necessary, and the 
controllers on each motor coach must be 
power operated. 

Power-operated Controllers. Power- 
operation of the series-parallel controllers 
may be effected by: — (i) driving the 
operating shaft of a drum-type or cam- 
shaft controller by cither a small electric 
motor or opposed air cylinders with rack 
and pinion or (2) employing individual 
contactors (electric or pneumatic) for 
these controllers. Both systems, (i) and 
(2), have a wide application in practice, 
and in all cases the primary control system 
(which controls the operation of the 
motor-driven controllers or contactors) 
is an electrical one, e.g. the control of 
the air supply to the pneumatic cylinders 
of the opposed air cylinders or the pneu- 
matic contactors is by means of electrically 
operated valves. 

Control Bus-line. The operating, or 
control, circuits of the pilot motors, 
contactors, or electro-pneumatic valves, 
as the case may be, are connected to a 
control circuit cable or control bus-line, 
which runs the length of each coach 
(whether motor coach or trailer). This 
cable is made continuous throughout the 
train by coupler sockets and jumpers 
between the coaches. 
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Dnving Controllers. Driving or master 

controllers are connected to this cable 
at all driving positions on motor coaches 
and trailers (if any), and a suitable supply 
(for the control circuit) may be connected 
to each master controller through isolating 
switches and fu.ses. Hence, by the opera- 
tion of one master controller, the series- 
parallel controller on cver\’ motor coacli 
in the train will function. 

To enable any defect i\'e controller or 
motor in the train to be cut out inde- 
pendent of tlie remaining equipment, a 
special cut-out or isolating switch is in- 
serted in the control circuit of each coach. 

With such a remotc-('ontrol system 
automatic “ notching-up of the series- 
parallel controllers throughout the train 
may be obtained by means ol current - 
limiting relays. A current-limiting, or 
(iccelerating, relay is required ior each 
series-parallel controller, and the 
" current " coil of the relay is connected 
in the circuit of one of the appropriate 
main motors. The principle of o})eration 
is somewhat similar to that employed 
in automatic starters (series-relay type) 
for industrial motors. 

Locomotive-Control Systems. In all 
except the \'ery smallest locomotives a 
remote-control system is employed, ^’.c. the 
controller proper is power operated, and 
the supply of energy to its control circuit 
is controlled by a small master or driving 
controller opierated by the driver. Noii- 
automatic control systems are customary 
in D.C. and single-phase equipments, but 
automatic control is usually employed 
with three-phase equipments. 

In all large locomotives the extended 
or double serie.s-parallel system of D.C. 
control (in which three combinations of 
the motors, viz. scries, series-parallel, 
parallel, are used) is employed. In 
addition, held control by tajiping or 
shunting the field circuits — is rccpn’red for 
passenger locomoti\a*s. Regenerative 
braking may also be required. Provi.sion 
must also be made for operating the 
locomotive with one pair of the motors 
cut out if one motor becomes defect i\'e. 

The main controller is of the contactor 
type, with either individual or cam- 
operated contactors. In each case cam- 
operated groups of contactors are employed 
for changing the motor combinations and 


lor changing the connexions from motoring 

to regenerative braking. 

Regenerative Braking. In obtaining 
regenerative braking with series-motor 
equipments, the machines are connected 
to the supply .system normally as motors, 
and the fields are over-excited by means 
of an exciter, the control of the excitation 
of which provides the means of regulating 
the braking torque or effort. Stability 
in operation is obtained eitljcr by differ- 
ential compounding the exciter, or by 
means of stabilizing resistaiu'cs connected 
in tlic exciter circuit. 

Single-Phase Locomotive Control. The 
single-phase traction motor is inherently 
a low-voltage machine (maximum voltage, 
lor large motors, about 450 volts). A 
transformer, t here! ore, is necessary to 
obtain a suitable operating voltage for 
the mt)tors on a loctanotiva*. This trans- 
former may, convenientlv, also be used 
for starting and speed control, if suitable 
tappings are provided on the secondary 
winding, t.e. the entire starting and ‘^pecd 
control may be otfected by supplying 
suitable voltages to the motor. 

The equipment for this f)nrpose takes 
the form of either a motor-driven tapping 
switch, or a group of individually operated 
contactors. 

Three-Phase Locomotive Control. Three - 
phase locomotives arc ec[uij)ped vvith 
induction m(jtors, wliich are started by 
inserting and cutting out resistance from 
the rotor circuits. Liejuid rheostats (see 
Liquid Re.sistance) are usually employed 
for this purpose, and the control ot tlie 
resistance is etlccted by altering the 
level of the liquid, comi)rcsscd air being 
used for this opera I ion. l^sually the con- 
trol is automatic so as to maintain constant 
power (watts) input to the motors. 

Speed control is effected by cdtlier pole 
clianging or cascading, or by a combina- 
tion of these methods. Four running 
speeds (in the ratio of cither i : 2 : 3 : 4, 
or I : 1*33 : 2 : 2-66) can be obtained by 
pole changing alone, or by a combination 
ot pole changing and cascading. 

Current Collection 

On tramways and trolley-bus systems 
the maximum current required by the car 
or vehicle is about 200 amps, at speeds up 
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to about 10 m.p.h. At the maximum 
speed (about 25 m.p.h.) the current will 
be about 90 amps. 

On suburban railways the maximum 
current required by a train may reach 
1,500 amps, to 3,000 amps, (according to 
the make-up of the train.) on 6oo-volt 
systems. Such currents will be required 
during starting at speeds up to about 
25 m.p.h., above which speed the current 
decreases as the sf^ecd increases. At the 
maximum speed (about 40 m.p.h.) the 
current may be l)etwecn 750 amps, and 
1,500 am}')s., according to the make-up of 
the train. Suburban trains working at 

l, 500 volts will require proj^ortionatcly 
smaller currents. 

Large 1,500- volt D.C. passenger loco- 
motives may require currents up to 2,500 
amps, at speeds u]) to about 40 m.p.h., and 
currents of about 1,500 amps, at the 
maximum speed, 90 to 100 m.i)h. 

Large i,5oo-\-olt !).('. goods locomotives 
may require maximum currents uj) to 
2,000 amps, at s])eeds up to about 20 
m ]).h. ; the current decreasing to about 
Moo amps, at ^o m.p.h. 

Large single-phase (15,000-volt) loco- 
moti^^cs may require currents up to about 
200 amps, at sp)ecds up to about 20 or 40 

m. i).h. acc'ording to the servi('e {c.g. goods 
or jiassenger respectively). At the maxi- 
mum speed (75 m.p.h.) the cm rent may 
be about 150 amj)s. 

Current Collectors. The type of current 
(oJ lector to be employed depends upon 
the nature and position ot the conductor 
from which current is to be obtained, the 
magnitude of the current, and the speed. 
The types in use arc : trolley wheel, shoo, 
bow, pantograph. Skctciics of these arc 
shown in Fig. 20. 

Trolley-wheel Collector. This is used 
univxTsally in this country and America 
on tramways and trolley-bus routes. 
Details are given under Trolley-Bus. 

Shoe Collector, 'hhis is used for collect- 
ing currents from conductor rails, and i.s 
the standard type of current collector lor 
boo-volt D.C. motor coaches and loco- 
motives. The contact shoe, of cast steel, 
and weighing about 30 to 40 lb., rests 
upon the surface of the conductor rail by 
its own wciglit, and is susi^ended by 
slotted links trom adjustable brackets fixed 
to a shoe plate, the latter being carried 


Tpnsionflods^^ vnsma tion betu^n 
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TRACTION Fir. 20 Forms of current collectors 
(A) Trolley wheel , (Bj shoe ; (CJ pantograph. 


from a wooden (oak) beam fixed to the 
axle boxes or motor frame according to 
the position of the conductor rail. With 
insulated return systems two collector 
shoes are necessary : one of these is carried 
trom the axle boxe^^, and the other from 
one of the motor frames. 

Bow Collector. This is a sliding contact 
collector for collecting relatively small 
currents from o\'erhead trolley wires. The 
contact member is a strip of aluminium, 
which is held in a light tubular frame or 
l^ow, and is pressed against the trolley wire 
by springs. The bow framework, there- 
lore, is alive when in use, and it must be 
mounted on insulators. Bow collectors 
cannot be used (ui open-type double-deck 
cars, but are frequently used on single- 
deck cars in Europe. Such collectors have 
an advantage over the trolley- wheel col- 
lector in that no switching or point frogs 
are necessary’ at junctions in the overhead 
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conductor. The bow may 
also be arranged to 
accommodate itself auto- 
matically to cither direc- 
tion of motion. 

Pantograph Collector. 

This is preferable to the 
bow collector for lieavy current collection conductors on tramways, trolley-bus 
from overhead conductors, as it will operate routes and railways, but in some cases 
in either direction of motion. Moreover, a alloyed copp)er is used on account of its 
large contact surface may be obtained longer wearing qualities. On some Ameri- 
when required, and the contact surface is can railways a steel contact wire is em- 
always maintained parallel to the trolley ployed in order to cheapen the cost of 
wire. contact-wire renewals. The steel contact 



For heavy currents the contact portion 
consists of one or two pressed steel pans 
with insert copper strips and recej)tacles 
for lubricating grease. Tlie pans are 
attached to the apex of a light pentagonal 
framework which is mounted on insulators 
on the roof of the locomotive. The col- 
lector is maintained in the raised or 
operating position by air pressure in 
pneumatic cylinders acting against springs, 
which lower the collector in when the air 
pressure is released. The framework may 
be latched in its lowest position. 

Contact Systems. The contact portion 
of the distribution system from which the 
current is actually collected may consist 
of either (i) steel conductor rails laid on 
the surface parallel to the track rails, or 
(2) bare copper conductors suspended 
longitudinally above the track or roadway. 

Conductor Rails. These are used only 
when heavy currents at low voltages are 
required, e.g. boo volts D.C. electric rail- 
ways. The rails consist of high 
conductivity steel (specific resist- 
ance about times that of copper) 
weighing about 100 lb. per yard. 

The width of the head at the con- 
tact surface is about 2i in., and 
the cross-section is usually of the 
fiat-bottomed T or Vignoles type. p 

For 600- V surface railways in this 
country the conductor rails are mounted 
on petticoated pedestal type porcelain 
insulators, wdiich rest directly upon the 
sleepers and are secured in position by 
two malleable iron clamps. The arrange- 
ment is shown in Fig. 21, which also shows 
the wooden protection (fitted at stations) 

' jand the standard location. 

Trolley Wires. Hard-drawn copper is 
usually employed for the overhead contact 


wire is clipped throughout its length to a 
hard-drawn copper wire, which is used for 
current-carrying purposes. 

Suspension of Trolley Wire. A non- 
sagging trolley wire is essential to obtain 
sparkless current collection at high, and 
also at moderate, speeds. Moreover, the 
suspended wire must possess vertical 
flexibility with no hard spots. The 
ordinary direct suspension as employed 
on tramw'ays and trolley-bus routes {see 
page 1336) is impracticable, because a non- 
sagging trolley wire would require suspen- 
sion at intervals of about 10 to 15 ft., 
and each suspension point would con- 
stitute a hard spot for the pantograph 
collector. 

Catenary Suspension. This method, 
shown in Fig. 22, enables short intervals 
between the suspension points of the 
contact wire to be obtained without the 
neces.sity ft)r insulated hangers at these 
points. Hard spots on the contact wire 



22. Catenary suspension for overhead wire. 


are, therefore, entirely avoided. The 
contact wire, A, is suspended at short 
intervals (10 to 15 ft.) by light clips and 
droppers, B, from a suspension wire, C 
(called the catenary '' wire or " mes- 
senger "), which is suspended, with con- 
siderable sag (5 to 10 ft.) between insulated 
supports placed at moderate distances 
apart (150 to 300 ft.). The object of the 
large sag in the catenary wire is to main- 
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TRACTION. Fig. 23. Compound catenary suspension. 

tain the position of the trolley wire 
approximately constant, regardless of 
temperature variation in practice. The 
trolley wire is divided into sections (i to 
I mile), and each section is dead ended 
and strained to a given tension when 
erected. 


Compound Catenary Suspension. 

In the alternative construction 
I (Fig. 23) the contact wire, A, is 
supported by looped droppers, B, 
from an intermediate wire, C, 
which is suspended by droppers, 

^ E, from the catenary wire, D. This 
system gives greater flexibility to 
the trolley wire and enables the latter 
to be fitted with straining devices to 
maintain a constant tension in the trolley 
wire at all temperatures, which is necessary ’ 
when the temperature range is large 
(as in some parts of Europe and in 
Scandinavia) . 


TRAFFIC CONTROL LIGHT SIGNALS, AUTOMATIC 

By H. H. Harrison, M.Eng., M.I.E.E., Joint-Author of “Automatic Street Traffic Signalling’ 

In this article, written by a specialist in one of the most recent applications of 
electrical relay methods, both the earlier fixed-time cycle and the vehicle- 
actuated systems are described. Necessarily fuller details are given of the 
latter more important, though more complicated system. Both the “ Elec- 
tromatic ” and the “ Autoflex ’’ systems are covered. See Contactor ; Neon 

Tube ; Relay. 


The now familiar automatic three-light 
signals were generally introduced in Eng- 
land for the control of street traffic in the 
year 1928. The intervening period has 
been marked by a very vigorous develop- 
ment in the signals themselves and in 
their control. More important .still is the 
fact that the introduction of such signals 
has compelled street authorities to make 
a much more careful study of the nature 
of street traffic than hitherto. Thus the 
effects of spacing and the various classes 
of vehicles on traffic flow have been very 
widely investigated.- 

If we consider a simple intersection A-B 
(Fig. i), consisting of two lanes of two-way 
traffic, then, neglecting left and right-hand 
turns, two-way traffic movements will take 
place alternately at right angles to each 
other. These movements will be con- 
trolled by signals at the corners of the 
intersections, and these signals will alter- 
nately give the right of way on the 
respective phases A and B. 

The signal lanterns are provided with 
three lenses, giving in turn a red or " stop 
indication, an amber or “ caution " signal, 
and a green or go " signal. Where a line 
of waiting traffic is about to be given the 
right of way, amber and red are simul- 
taneously displayed, and this is an 


indication to the waiting vehicles to 
prepare to start. Amber after green 
means “ stop '' before entering the inter- 
section unless the vehicle is just entering 
or is partly across the intersection. 

Fixed-time Cycle Apparatus. Until 
comparatively recently signalling was 
generally accomplished by three-light 
signals switched in and out in correct 
sequence by means of a controlling 

mechanism or 
controller. 


nr 


aI i 2 (a) 

■ shows diagram- 

matically the 
switching con- 
tacts 1-6 of 
such a con- 

TRAFFic CONTROL SIGNALS, troller with thc 
Fig. 1. Simple two-lane intersec- lamp CirCUitS 
tion with two-way traffic. by 

them. Fig. 2 (b) shows how the complete 
time of a cycle is divided up on the two 
routes or “ phases." Equal ” go” periods 
are assumed, but if traffic is heavier on one 
phase than on the other, the timing is. 
altered to suit. Usually the green period 
can be varied between 20-70 seconds, 
while the amber period, which is. of course, 
much shorter, is round about 3-5 seconds. 
Fig. 2 (c) is a chart showing the sequence 
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of contact closure during the four parts of 
the complete c>’cle. 

The contacts i-O are closed by suitable 
cams mounted on a shaft which is rotated 
at a constant, slow, and adjustable sjK'cd, 
so that the \'arious signal indications are 
displayed at the right times and for the 
desired length of time. 

A simple method of doing this is shown 
in Fig. 3, wdicre the three cams, their 
contact springs, and the circuits wdiich the 
latter control in order to ojKuate the 
various signals in the two lanttTUs, are laid 
out diagrammatically. 

The shaft with its battery of rams i.^ 
driven by an electro-magnetic ratchet and 
pawl mechanism, consisting of the rat diet 
wheel RW and a driving magnet D]\I. 
By suitable choice of the numlier of teeth 
on the ratchet wdied, and the rate at which 
the driving magnet is impulsed, the speed 
of rotation of the shaft may lie made any- 
thing desired within the usual limits. 

3 (^) allows in polar form tlie sub- 
division of the cycle for the two phases oJ 
traffic. The overlap of the red and amber 
lights is shown by the hatched sectors in 
the two diagrams. 

Such an arrangement as that described 
is known as a fixed-time cycle system. 
The cycle time can be altered from time to 
time to meet hourly or daily trends, and in 
spite of certain disadvantages has given 
good service in the past. The drawback 
to this method is that with no traffic on 


one route and average traffic on the other, 
the latter is held up unnecessarily. The 
serious aspect of this is that maximum 
traffic capacity is not being got out of the 
routes of which the intersection forms part. 

Fig. 4 show^s five consecutive cycles 
abstracted from a sample of traffic recorded 
on a birsy intersection. The chain dotted 
horizontal lines are drawn to represent 
the “ go ” jieriods of a fixed time con- 
troller. Jn some cases it will be seen that 
the traffic is too hra\'y lor the “go” 
period allowed and a ” spill-over ” occurs 
to the next recurrence of that phase. On 




resents ". 0/1 fitted cyc/e 


Fig. 4. Five consecutive cycles abstracted from a 
sample of traffic recorded on £ busy intersection. 
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the other hand, the traffic on some 
phases is so light that 30 seconds would 
suffice to pass it with minimum delay. 

The only possible way of dealing with 
such violent fluctuations, which are 
typical of the apparently uniform traffic 
at a busy section, is to arrange for llie 
times of the “ go periods to be auto- 
matically adjusted to the traffic density 
from cyc le to cycle. The rate 

of ap)])roach of traffic on each ^ ^ 

phase is th(‘ controlling factor. 1“ 
and the utilization of thisj^rin- 
ciple has resulted in the pro- 
duction of the vehicle-actuated 



system of traffic control. 

The Vehicle- Actuated System. Two 

such svstems arc available at the pn‘sent 
moment, the “ Elect romatic ” (the pioneer 
system) made by tlu; Automatic Electric 
('o., Ltd., of Liverpool, and the “ Auto- 
flex " produced by the Siemens and 
(ieneral Electric Railway Signal ('o., Ltd., 
'Idle general ])rinciples on which these 
systems oj^erate are practically the same. 

A method by which the operation of the 
display of a “ go ” signal may be extended 
in accordanc'c with a continuous stream of 
traffic is diagrammatically indicated m 
Fig. 5. 'Idle controller cam-shaft C(' is 
rotated by means of th(‘ solenoid S and the 
ratchet and ])awl mechanism operated by 
tliis. A condenser K is permanently across 
the mains through a high resistance, and 
when it attains a dclimte jiotential, the 
neon tube N'F becomes conductive and 
passes current wdiicli ojiei.iies relay R. 
R closes a circuit tor the solenoid S and the 
cam-shaft makes one ste]\ I lu' armature 
of solenoid .S carries a horizontal arm which, 
as It mo\’es dowmvvards, doses two contact 
springs s, thus short-circuiting condenser 
K. ddu‘ condenser then commence^ to 
charge u]) again and the ])rocess is re- 
peated. In this w'av the controller acts 
as an ordinary tixed tinu‘ apj)aratus, the 
length ol the “ go period dejumding upon 
the value given to the series charging re- 
sistance. 

If now a contact-closing device or 
vehicle detector is placed in the road by 
which tlie traffic is approaching and each 
vehicle closes the contacts of D so that 
a road relay RR in the controller is 
operated and places a shunt of 2,000 
ohms around the condenser, the latter 


wall discharge and its voltage tall. The 
amount by which the pressure on the 
condenser talk will depend upon the 
duration of the contact at D, and this will 
be inversely proportional to the speed ot 
th(‘ \ elude })assing over 1), a slow^-moving 
vehicki discharging the condenser to a 
greater extent that a fast-moving one. 

Ignoring, for the ])urposes of simplifica- 
tion, the other road for the moment, the 
fust vehicle approaching the intersection 
would, if a red signal is being displayed, 
change this to green. If now a uniform 
stream of ap[)roaching vehicles is main- 
tained, K wall be constantly discharging, 
and its rise to the critical voltage which 
determines the operation of the neon tube 
XT will be continually hindered. So long 
as the traffic flow' is maintained, the right 
of w'ay will be held on that phase, but 
should the rate of flow diminish (a gap 
occurs, see diagram in the lower part of 
Fig. 5) the potential across K will reach 
the necessary \'aluc and effect a switching 
change, remo\’ing the green indication 
from one phase and transferring it to the 
other. .\t the same time a red indication 
is substit uted lor the j^revious green one on 
the pha.se which had been passing traffic. 

This arrangement, wdiich only serves to 
illustrate the principle of automatic ex- 
tension of the “ go period proportional 
to the volume of traffic flowing, is imper- 
fect in several respects. 

Obviously, if there were a constant 
stream of traffic on one phase and this 
stream had secured the right of way. it 
would hold it indefinitely, and the waiting 
traffic on the other phase would be unduly 
delayed until such time as a gap occurred 
in the moving traffic stream. In the 
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actual apparatus, means are provided to 
prevent this condition arisinfs^. 

The practical vehicle-actuated system 
consists of three pieces of apparatus : — 

1. The 'Detector, a device for indicating 
the approach of a vehicle. 

2. The Controller, and 

3. The Signal Lanterns. 

The Detector. The detectors are contact- 
making devices of three general types, viz. 
road vehicle detectors, tram detectors and 
pedestrian push buttons. 

Fig. 6 is a cross-section of a pressure- 
operated unit which is set flush with the 
surface of the road and extends over 
approximately half the width of this and 
at a distance from the intersection depen- 



" Autoflex detector which operates on 
an entirely different principle from that 
last described. A rubber block RB has 
two cavities traversing the whole of its 
length. One end of these cavities is 
blocked up but the other end is closed 
around two metal tubes. The whole is 
enclosed in a casting and is covered with 
a rubber covering plate CP which is 
clamped to the casting by suitable flanges. 
As a vehicle passes over CP the two cavi- 
ties arc compressed in turn and expel the 
air contained in them. 

This air is passed through the tubes to 
a bellows contact -making arrangement 
shown in the upper ])art of the figure. P 
is a plate of insulating material which is 
hinged at H to the frame of the contact 
box (not shown). It carries a movable 
contact MC adapted to press against a 
fixed contact FC. When air is expelled 
from either of the cavities in RB it is con- 
ducted to the bellows B and, expanding 
this, effects closure of the contacts. Two 
such contact mechanisms may be fitted, 
one to each cavity, and the order in which 
they come into operation can be made to 
determine whether the passage of the 


TRAFFIC CONTROL SIGNALS Fig. 6 Cross-spction 
of pressure-operated unit, set flush with thr rojd 


dent upon local 
conditions and 
the average j 
speed of the 
traffic. This de- 
tector consists 
of two steel 
strips lying 
parallel and spaced at a suitable distance 
apai't. The steel strips, together with 
their attached flexible electrical con- 
nexions, are moulded into a substantial 
rubber envelope which effectually excludes 
moisture or other foreign matter, and 
prevents oxidation. Details of the de- 
tector are given in Fig. 7. The detector 
establishes a momentary contact by the 
flexing of the upper strip caused by a 
vehicle passing over it. Being pressure 
operated only, its operation is unaffected 
by road dirt, snow, or even ice. 

Fig. 8 shows in diagrammatic form the 



Fig. 7. Details of pressure- 
operated detector unit. 
Automatic hlrcltic t'u , Utl 



/ //, ' ^ r 
//// ' / 





Fig, 6. Diagrammatic 6ection» of “ Autoflex " 
detector. RB is rubber block, CP covering plate, 
P insulated plate, B bellows, FC and MC fixed and 
movable contacts respectively. (Siemens.) 
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vehicle shall be effective or not with 
respect to the controller. This uni- 
lateral ” feature is sometimes a require- 
ment and is met in the case of the detector 
previously described by dividing the top 
steel plate into two portions. 

Fig. 9 shows the arrangement of the 
detectors at a simple intersection. The 
N-S detectors D are connected electrically 
together and to the controller C, and the 
same is true for those detectors on the 
other phase. The detectors are p)laced at 
a suitable distance from the stop line 
having regard to the braking possibilities 
of the traffic. Tram detectors are available 
in a variety of forms. 

The Controller. The controller unit is 
shown in Fig. lo. It automatically per- 
forms the necessary switching operations 
to the signals in accordance with the indi- 
cations received from the detectors. The 
switching is accomplished by the step-by- 
step action of the cam-shaft seen in the 
upf)er portion of the unit, which closes a 
group of electrical contacts in succession 
in six different combinations. The stepping 
action is controlled by four relays and 
two timing circuits. 

In the lower portion F'g- 9 

of the unit the various — 
switches and adjust- U — 

able timing resistance ^ 

switches will be seen. 




Fig. II show\s 
a pillar type of 
controller cas- 
ing with the 
door open. The 
controller unit 
is in the upf)cr 
part of the 
casing. Access 
to the controller 
can be obtained 
by authorized 
persons, and a 
key - controlled 
switch can be 
operated to any 
one of six posi- 
tions giving the 
conditio n s 
which are noted 
in tabular form 
below. 



Hg. 10. Exterior view of controller unit. The con- 
tactor cam-shaft and timing switches can be seen. 
Automatfc Electric Co,, Uti. 


TRAFFIC CON- 
TROL SIGNALS. 
Fig. 0 (left). Arrange- 
ment of detectors at 
a simple intersection. 
Fig. 1 1 (above). Pillar 
type of controller 
casing with door 
removed. 


I Po'^itwn Condition 

I Ott All signal lights off. 

I Aiilu Signal lights controlled 

I automatically. 

/ Auto/Amber Signal lights controlled 

1—1—1 automatically and 

^ amber globe lights 

an 'I'imc switch on. 
Amber Amber globe lights* only. 

Manual Manual operation. 

All Red All signal lights display red. 

A push button is provided for manual 
control, which is sometimes nece.ssitated 
by such things as processions and other 
special occasions. 

The object of the time .switch is to 
switch the signals “ off late at night and 
to switch them " on again in the morn- 
ing. 

Operation of the Vehicle-Actuated Sys- 
tem. The complete cycle is divided into 
six intervals as against four in the fixed- 
time cycle system. 
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This is shown in the diagram Fig. 12, 
from which it will be seen tliat the “ go ” 
period is in two portions, a short interval 
marked g preceding the main interval G. 

The object ot this arrangement is as 
follows : 

In the upper portion of Fig. 12 tlie 
course of the front vehicle of a moving 
column is indicated by the thick sloping 
line. Between a and b it decelerates and 
between b and c it is acUially stationary. 
It starts in motion again at c and from c 
to d accelerates to normal speed which it 
attains at d. 


The time taken for y 
the vehicle to accelerate / 
from rest to normal / 



TRAFFIC 
CONTROL 
SIGNALS. 
Fig 1 2 Six in- 
tervals of the 
vehirle - actu- 
ated system. 



amber period is increased by 2 seconds. 
The object of this increase is the following. 
If a traffic stream loses the right of way 
by reason of its diminishing rate of flow, a 
short amber signal will suffice, since the 
first moving vehicle approaching after the 
gap has occurred will not have reached its 
detector and will therefore have ample 
braking distance. When, however, a 
continuous traffic flow is suddenly inter- 
rupted, under the conditions explained 
above, a longer amber interval is necessary 
to allow moN'ing vehicles which have 
crossed the stop line to clear the inter- 
section. 

Circuit Operation of the Controller. 

Fig. Tj shows the circuit conditions pre- 
vailing at the instant the “ go " signal for 
the K-S traffic has been withdrawn and 
the warning ambiT signal has been sub- 
stituted. Road relay Dpre- 
viousl}^ oj^erated by traffic 
passing o\’er one of the two 



speed is known as the “ initial " interv'al I 
and is prelixed to each i)hasc of traffic 
movement with the object of allowing the 
stationary waiting vehicles to get into 
motion. The .second period G, which is 
extensible by the action ot vehicles 
approaching after the waiting train 
is in motion, need only be that 
necessary for a vehicle to travel | 
from the detector and acro.ss the j 
intersection. This interv^al is known ^ 
as the vehicle interval and can there- | 
fore be shorter than it would other- + ‘ 

wise have to be made, and this leads 
to efficiency, since the rate of 
approach must not fall below a 
certain minimum if the right of wav \ ^ 
is to be held against traffic waiting 
on the other phase. y 

Now, as previously explained, it 
must not be possible for the right of way lo 
be held indefinitely on one phase, and to 
prevent this a second timing circuit is 
connected up at this stage which will 
forcibly transfer the go ” signal from the 
moving stream and give it to the waiting 
traffic. This timing circuit is so arranged 
that the transfer takes place after a certain 
maximum period has elapsed — say 50 
seconds. In the case of a change of right 
of way, due to the intervention of the 
maximum -period timer, the intervening 

4 • 



, n . n . 
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Fig. 13. Controller circuit 
conditions at instant that 
“ go " for N-S traffic has 
been withdrawn and amber 
substituted. 
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£-W detectors is locked via its contact 

and cam springs CS lo. At d-^ and CS 5 
relay A and neon tube NT are connected 
across the condenser When the con- 
denser reaches the striking voltage of the 
neon tube, relay A operates. At its contact 
a it completes a circuit for the solenoid 
magnet SM and the cam-shaft makes one 
step, moving to its second position. While 
the cam-shaft was in the lirst position llie 
condenser Kg forming part of the maxi- 
mum period charging circuit was steadily 
charging over the circuit — ve, relay con- 
tact di, GS 5, condenser charging resist- 
ance, CS 7 to +ve. This circuit is broken 
when the cam-shaft steps from the first 
to the second position, but immediately re- 
established at the second position by the 
closure of CS 8. When the solenoid operates 
on the lirst step two j)airs of contact 
springs and Sn are operated and place 
loo-ohm shunts around both condensers, 
discharging both these and “ re-setting 
their timing circuits. 

Initial Interval. In the second position 
of the cam-shaft the charging circuit for 
condenser is re-established through 
cam s})rings C.S 2 and a timing resistance 
winch can be >et within the limits of 
2-10 seconds by a switch external to the 
controller unit case {see Fig. 10). At the 
ierminalion of this interval condenser Ka 
I caches the striking voltage of the neon 
tube NT and relay A again operates. This 
results in the cam-sliaft being stepped on 
to the third j)osilion. 

Vehicle Interval. Two circuit changes 
are made in the third position. The 
locking circuit for relay D is opened at 
CSioso that each time a vehicle passes 
over tile E-W detectors, relay D operates 
and releases. This constitutes the means 
by which the “ go ” period is increased 
proportionally to the traffic flow on that 
phase, each operation of relay D placing 
a resistance of 2,000 ohms around con- 
denser Ka GS 4, relay contact d^ to 
negative side of condenser. The second 
circuit change is the substitution at CS i 
of another timing resistance. 

Each time that relay D operates it 
partially discharges condenser and 
thus extends the “ go period. Provided 
no traffic is waiting on the other phase 
the ** go " signal will be displayed per- 
manently. 
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TRAFFIC CON- 
TROL SIGNALS. 
Fig. 14. Sequence 
of signal indica- 
tions and cam- 
contact operation 
table. 
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Maximum Period. The instant a 
vehicle passes over one of the N-S 
detectors, relay E operates and locks up via 
CS q. This applies a charging voltage to 
condenser Kb from — ve, contacts ^2* 
CS 6, condenser, 25-60 secs, charging 
resistance CS 8 lo -j-ve. 

After the selected maximum period has 
expired, the voltage across Kb rises to 
the striking voltage of NT and relay B 
operates the pulsing solenoid magnet which 
causes the shaft to take the fourth step, 
removing the green signal from the E-W 
phase and displaying amber to both 
phases. The operation of the solenoid 
magnet has re-set both condensers by 
the means already explained. The fifth 
and sixth steps are effected in exactly the 
same way as already explained for the 
second and third, other timing resistances 
and cam springs coming into play. Fig. 14 
shows the sequence of signal indications. 

“ Progress! ve ” Control. A recent 
development of the vehicle-actuated 
system is an interlinking ‘'progressive'* 
control (as in the Marylebone Road, 
London), so that traffic movements are 
adjusted to meet variable density require- 
ments with a minimum of waiting time 
for side road traffic. A traffic “ integrator ” 
permits a change in cycle periods so many 
times per hour in accordance with the 
general ebb and flow of traffic. 
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TRANSFORMERS IN MODERN PRACTICE 


By S* Austen Stigant, M.l.E.E., F.Am.I.E.E. 

Transformer engineering is a large subject in itself, requiring for its fullest 
comprehension much specialized study. Here the subject, in both theory and 
application in power and general work, is adequately outlined by an acknow- 
ledged authority. For individual forms and applications see the many detail 
headings, as Auto-Transformer ; Bus-bar Transformer ; Current Transformer ; 
Earths ; H.F. Furnace ; Sub-Station ; Welding ; X-Rays, etc. See also 
Electro-Magnetism ; Induction. 


A transformer is a stationary piece of 
apparatus which, by electro-magnetic 
induction, transforms alternating electric 
power in one circuit into alternating 
electric power in another circuit, usually 
at a different value of \’oltagc or current. 
Their broad classilications are, therefore, 
voltage transformers and current trans- 
formers. When, in the case of a voltage 
transformer, the voltage in the second 
circuit is higher than that in the first, 
the transformer is called a step-up trans- 
former ; when the voltage in the second 
circuit is lower than that in the first, a 
step-down transformer is connoted. Simi- 
larly, a current transformer gives a higher 
current or a lower current. Transformation 
is usually effected at a constant frequency. 

The essential parts of a transformer 
are the primary winding, the secondary 
winding, and the core. The primary 
winding is that to which the voltage is 
applied, while the secondary winding 
is that in which voltage is induced electro- 
magnetically as a result of the magnetic 
flux established by the magneto-motive 
force of the primary winding. 

Other parts which are non-essentials 
as far as transformer action is concerned, 
but which are essentials from a practical 
standpoint, are winding and core supports 
and bracing structure, terminals, tank, 
oil and auxiliary fittings, such as tapping 
links or switch, oil conser\'ator, breather, 
cable boxes, rollers and various lank 
fittings. 

Transformers can be designed for any 
number of phases, but in practice the more 
usual ones are single-phase, two-phase, 
three-phase and six-phase. The con- 
nexions for the different numbers of 
phases will be referred to later. 

^OUTLINE OF Transformer Theory 

^ In commercial practice almost all trans- 
l/lproiers possess a magnetic core, and in 


what now follows such construction is 
deemed to be tlie standard. 

If the primary winding of a transformer 
is connected to a source of alternating 
E.M.F. with the secondary winding open- 
circuited, a small current, called the no-load 
current, flows in the primary winding, and 
this provides the necessary magnetization 
to the iron core and supplies the iron loss 
of the transformer. The primary no-load 
current multiplied by the primary turns 
gives the primary no-load magneto-motive 
force which sets up a certain alternating 
magnetic flux in the core, this inducing 
a back E.M.F. in the primary winding, 
and also an E.M.F. in the secondary 
winding. I'he magnetic flux is common to 
both primary and secondary windings, 
so that the voltages induced therein are 
in direct proportion to the respective 
number of turns. From this follows the 
standard voltage formula : 

^ ^ 4/«4>T 

where E = R.M.S. value of the induced E.M.F. 

jn the winding considered. 

f = form factor of the E.M.F. wave 
(i-ii for sine wave), 
frequency of the supply in cycles 
per second. 

+ — total magnetic flux through the 
core. 

T niiiiibcr of turns in the winding 
considered 

Losses. The vector diagram for a 
single-phase transformer on no-load is 
given in Fig. i. On no-load the only 
losses which are of practical importance 
are the iron losses. The copper losses, 
due to the small no-load current, are 
generally ignored, as also are dielectric 
Josses, except in large, extra-high voltage 
transformers. 

The average power factor of a trans- 
former on open circuit is about 15 per cent., 
or 0*15. 

Wtien the secondary circuit is closed 
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througl] a load, a current flows therein, 
so that 

Is “ vherc Zh the impedance 

of the secondary load circuit. 

This .secondary load current is counter- 
balanced by a primary load current, so 
that primary and secondary load ampere 
turns are equal ; and, being opposite in 


Ep» Primary Terminal Pressure. 

Ets* Secondary Induced Pressure .also 
Primary Induced Back E.I^F. 

Es » Secondary Terminal Pressure . 

Cr * Total Resistance Pressure Dror 
C x * Total Reactance Pressure Drop. 

63 = Total Impedance Pressure Drop. 

0 = Total Magnetising Flux. 
tnl* Total No La\o Current. 
ifn = Magnetising Current. 

ClI • Iron Loss Current. 

I5 ■ Secondary Load Current 
I p 5 Primary Load Current. 

Itps Total Primary Current. 

Cos 0 s = Secondary Load Power Factor 
Cos 0 p- Primary Load Power Factor . 



Total Primary Prlssure to 
compensate for Pressure Drop 
DUE to No Load Current. 

Lp -■ Primary Terminal Pressure. 

- Secondary Induced Terminal 
Pressure-, RLSO Primary Induced 
Back EMF 

€qI = Resistance Pressure Drop due 
TO tril 

0 s Total Magnetising Flux. 

- Total No Load Current 
im - Magnetising Current. 

* Jron Loss Current. 

Cos 0 s Primary No Load Power Factor. 
Magnetic leakage is negligible 
AND IS IGNORED 

TRANSFORMER. Fig. 1. Vector diagram for a single- 
phase transformer on no-load. Fig. 2. Supplying an 
inductive load of lagging power factor, cos $. The 
pressure drop is transferred to secondary side. 


'Es 

Fig. 1 


time phase, they do not affect the initial 
core magnetization corresponding to the 
no-load condition. This explains why 
the iron lo.ss is independent of the load. 
The total current in the primary winding 
is the vector sum of the load and no-load 
currents. 

The losses in the transformer are now 
increased by reason of the copper losses 
in the primary and secondary windings, 
these losses con.si.sting of PR losses and of 
eddy current losses in the conductors. 

While load fluxes do not affect the core 
magnetization, they do exert certain 

changes in tlie performance of a trans- 
former, due to the phenomenon of what 
is known as leakage reactance. If primary 
cind secondary windings could occupy 

exactly the same position, there 
could be no leakage of load flux 
between them, but as obviously 

this is a physical impossibility, a 
certain amount of load flux finds a 
return path in the space between 
the two windings. This flux is 

the leakage reactance flux, part 
being due to one winding and part to the 
other. The result is that with each 
winding we get a certain small portion 
of the total load flux which does not 
cut the other winding, and the net result 
is an internal loss of voltage in the 
transformer. In time phase this reactance 
voltage is 90° behind the current pro- 
ducing it. 

The resistances of the two windings 
also produce internal voltage drops which, 
however, are in phase with the currents 
producing them. 

Fig. 2 shows vectorially the conditions 
obtaining in single-phase transformers 
supplying an inductive load having a 
lagging power factor cos Bg. In this 
diagram it is assumed that the primary 
applied voltage is maintained constant 
and that the whole of the internal re- 
sistance and reactance drop of the trans- 
former is referred to the secondary side. 

While Figs, i and 2 apply specifically 
to single-phase transformers, they can 
also be regarded with equal accuracy to 
represent the conditions in one phase of 
a straight polyphase transformer. 

Outputs. The outputs of single-phase 
and three-phase transformers are given 
by the following equations. 
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Single-phase transformers — 
kVA = .^.prU^L 

JO® X 1,000 

Three-phase t ra nsl orniers — 

kVA = 4 ^ ^'7^ 

lo® X 1,000 

In the foregoing I is the full load line 
current. 

The percentage regulation or voltage 
drop which occurs at tlie secondary 
terminals of the transformer suj)j living a 
load is 


^ , X cos 0 ~ R sin ny 

R cos 0 " - X sin 0 - ^ ^ 

200 

in which 1< - pcrceiitaK^* resistance drop 
X peiceiitage reactance drop 
- - an”]c of lag ot load current. 

The percentage resistance drop is 

C'opper loss x loo 
output 


The reactance X may be obtained by 
calculation (details of whicli would be out 
of place in this work), or from tested 
impedance and resistance of the windings. 
In the latter case we get 


X = ^7.^ - K- 

where Z — percentage impedance voltage drop. 

Efficiency. It has been seen that 
the losses in a transformer are prinri])ally 
iron losses (at no-load) and co})}')er losses 
(under load). From a knowledge of the 
losses the percentage efficiency of a trans- 
former is obtained by the exi)ressioii 
{Output in watts) X loo 
Output in waits 4- total losses in watts 
The load at which, in any transformer, 
the efficienc}^ is the liighest, is that given 
by the expression 

Iron Loss 
.'op])tr Loss 

Harmonics in Transformers. Due to 

the fact that permeability of the magnetic 
circuit is not constant, odd harmonics of 
flux, current or voltage are usually 
present in commercial transformers, as 
these are designed for induction densities 
usually of the order of 13,500 lines per 
sq. cm. The hannonics range from the 
third upwards, and of these the third 
and the fifth generally are important 
only. Where the connexions permit, the 
no-load current contains the tliird harmonic 
and odd multiples thereof. Where the 
connexions do not allow the third harmonic 


to be present in the no-load current, it 
appears in the flux and induced voltage 
waves. Single-phase transformers, there- 
fore, contain harmonics in the no-load 
current wave. 

Three-phase star/star-connected trans- 
formers contain third harmonics in the 
flux and voltage to neutral waves if 
there is no fourth wire from the neutral 
on the primary side ; if a fourth wire is 
present third harmonic currents flow in 
the windings and return to the source 
through the neutral wire, and these 
hannonics arc then present in the current 
waves. With delta-connected windings 
third harmonic currents circulate in the 
delta bill not in the supply lines. Higher 
liarmonics arc of quite small magnitudes in 
three-phase core type transformers, but 
they are large in three-phase shell type 
transformers or in three-phase groups of 
single-phase transformers. With core 
type transformers the third harmonic 
voltage per phase usually is between i 
per cent, and 5 per cent. With three- 
phase shell type transformers or groups 
of single-phase transformers, the third 
harmonic voltage per phase may be as 
high as 50 per cent of the fundamental 
(see further under Three-Phase). 

The principal objection to these har- 
monic voltages is tlie additional dielectric 
stresses tliey produce on the transformer 
insulation and the possibility of their 
creating inductive interference to com- 
munication lines which may parallel the 
power lines to wliich the transformers 
may be connected. The general remedy is 
either to use a delta winding on the 
primary or secondary side (usually the 
former), or to design the magnetic circuit 
for an induction density not exceeding 
about 11,500 lines per sq. cm. 

Transformer Construction and 
Connexions 

Types of Power Transformers. Trans- 
formers for power and lighting and, in 
fact, for many other purposes, fall broadly 
into two classes : i. Core type trans- 
formers ; 2. Shell type transformers. In 
the former the windings encircle the cores, 
while in the latter the reverse is the case. 
Both types may have circular or rect- 
angular coils, but the most common con- 
struction is circular cbils for core type 
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made of silicon steel sheet 
containing from 3| per 
cent, to 4 per cent, silicon. 
An alloy steel of this kind 
results in sheets having 
the requisite high resist- 
ance, high permeability 
and low losses which are 
so necessary for modern 
t ransfornier construction. 


TRANSFORMER. Fig. 3 (o). Cross-over coil winding 
bringing leads out at same level. 

transformers and rectangular coils for 
shell type. 

In core tyj^e transformers the cores arc 
first assembled completely without the 
top yoke (except in very small air-in- 
sulated units) and the coils are then 
slipped over the individual cores, after 
which the top yoke is laced into position. 




In shell type units, however, the coils, 
together with all their insulation, are 
first stacked in position and the core plates 
are then assembled round the coils layer 
by layer. {See Fig. 6.) 

Fig. 3 shows iit a, b and c the three 
types of coils commonly used for core type 
transformers, while Fig. 4 shows the 
core and coils during assembly. 

In all these coils the individual con- 
ductors may be insulated with paper or 
cotton and tlie insulation between adjacent 
turns may be reinforced witli paper, 
empire cloth or press-spahn strips or with 
linen tape. All windings are dried and 
varnish impregnated under vacuum in 
order to remove all possible traces of 
moisture. The coils may be fitted with 
tappings as may be required for voltage 
adjustment. 

Core plates of both types of trans- 
formers are usually 14 mils, thick and 


Fig. 3 (6). “Section ’’ coll 
bringing leads out at different 
levels. 

Johnson A Phillips, Ltd, 

Core jdcLtes are, of course, 
insulated on one side to 
prevent undue eddy cur- 
rent losses in the plate 
core struct Lire. 

Typical core and shell 
tvj)e transformers are 
shown in Figs. 5 and 6 in 
the next page. 



Fig. 4. H.T. side of 5,000- kVA transformer, in process 
of assembly, showing three stages of construction 
and core and coils. 

Brush Electrical Engineertna Co., Ltd. 
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TRANSFORMER. Fig. 5. Core type transformer 
during assembly showing coils and insulating spacers 
Metropolitan J )ct,frs lU'ctnral Co. Ud 



Fig. 6 . Shell type transformer during assembly 
The laminated construction is clearly shown. 
MeLrn»olitan Vtcker$ Eleelrtral Co., Ltd. 


Types of Instrument Transformers. In- 
strument transformers, both shunt and 
series, adopt both the core and shell type 
construction which have been illustrated 
for power transformers. Tn addition, 
however, certain series transformers for 
use in connexion with discriminative 
protective schemes (i.e. Merz-Price, etc.) 
employ a circular form of core over which 
a secondary winding' is wound in a dis- 
tributed fashion. The primary, in such 
ca.ses, often consists of a cable core 
threaded throu/:;li the centre of. the 
laminated iron ring, or of a bar or stud 
type primary. 

Other Forms of Construction. For 

extremely high-freciuency work trans- 
formers having air cores have been used, 
as, due to skin effect at very high fre- 
(]ucncv, the iron core would become most 
inefficient. A notable examjde ol this 
form of construction is the Tesla trans- 
former which was used very many years 
ago in the U.S.A. for producing extremely 
high-fre(]uency, high-voltage discharges. 
See also High-Frequency Furnace ; North- 
rup Furnace ; etc. 

Tap-Changing Transformers. It is 

customary to fit voltage adjusting tappings 
to transformer windings usually on the 
II.T. side, the.se being required for varying 
the voltage of the transmission or dis- 
tribution system according to system 
load requirements. On small trans- 
formers, tappings may be brought up to 
oil level and changed by means of plugs 
or links after the transformer has first 
been disconnected entirely from the 
supply. This entails interruption to supply, 
which, although permissible in certain 
instances, is always undesirable. The next 
alternative is to change the tappings, still 
with the transformer disconnected from 
the supply, but by means of externally 
operated tapping switches. This avoids 
the necessity for removing the tank 
cover and in the case of conservator type 
transformers of removing oil from tlie 
main tank. This practice is confined, 
however, to the smaller transformers or to 
the larger transformers where tap changing 
is required infrequently. (See Figs. i6 & 17.) 

On-Load Tap-Changing. On larger trans- 
formers, such, for instance, as those on 
the “ Grid " system, tap-changing is of 
frequent occurrence, and such trans- 
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F<g. 9 (left). Three-phase core type power transformer. Fig. 10 (right). Three-phase outdoor transformer 
with conservator, breather, dial thermometer and rollers. 

Johnton d’ Phtllipn, Ltd. 
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TRANSFORMER, Fig. 11. Three-phase outdoor 
transformer for pole- mounted equipment. 

Johnson d Phillips, Ltd 


formers are fitted with on-load tap-chanf>- 
ing equipments. These may be operated 
manually or automat ically. In one system 
the winding on each phase is split up into 
two equal parallel paths which normally 
share the load equally. Tappings are 
changed by permitting half of the winding 
to carry tlie whole of the load, while the 
tappings are being changed in the other 
half, and llien tlie operation is repeated 
for the other half of the winding. 

In another type ot gear the winding in 
each phase is split, the two parts being 
normally in series. When tappings are to 
be changed a choke coil bridges the 
tappings which would otherwise he short- 
circuited when moving from one tap to 
another. The different on-load tap- 
changing equipments arc far loo elaborate 
to describe lierc, but Figs. 15 and 18 
illustrate .some typical arrangements. TJie 
interested reader is referred to “ Voltage 
Regulation on A.C. Systems,’' by J. L. 
Rowbotham and T. F. Alt ham, published 
by the Hackbridge Electric Construction 
Co.,, Ltd., Walton-on-Thames. 

Methods of Cooling. What one might 


is naturally cooled, being either air 
insulated or oil insulated. The air- 
insulated type is more confined to the 
quite small units of a few kVA output, 
although sometimes transformers of hun- 
dreds of kVA output of this type are used 
in situations where increased fire risk due 
to leaking oil would be a dangerous hazard. 
Naturally cooled, air-insulated trans- 
formers arc enclosed simply in an 
expanded metal or similar protective 
bousing. Naturally cooled, oil-insulated 
transformers arc built up to 5,000 kVA or 
more at 50 cycles, the voltage and fre- 
quency, of course, having a bearing upon 
what is the most economical proposition. 
Up to about 25 kVA they are contained 
in plain sheet iron tanks, and abovT this 
size either in substantial sheet iron tanks 
fitted w’ith wel(lcd-in external cooling 
tubes or with detachable radiators con- 
structc i from round or oval section cooling 
tubes secured into headers. Tanks of this 
type carry each a number of separate 
radiators which, each being provided 
with oil valves, can be removed, if 
required, without disturbing the oil in 
the main tank and without interrupting 
the supply. 

Still larger oil-insulated transformers, 
such as are found on the “ Grid *' system, 
employ a combination of natural and arti- 
ficial cooling. In these, the oil-cooling 
radiators are entirely separate from the 
transformer tank, the oil being circulated 
through them by motor-driven pumps. 
Air-blast gear is also fitted to the radiators 
so that the transformer will give its 
maximum output as an air-blast cooled 
unit, and a lower normal output without 
the air blast. 

Other types of cooling are (a) the water- 
cooled unit in which a water-cooling coil 
is placed inside the transformer tank 
in the uppermost part of the oil ; (b) tlie 
forced oil-cooled transformer in which tlie 
oil is pumped through an external water- 
cooled or air-blast cooled oil cooler ; and 
(c) the air-iiisulatcd, air-blast type in which 
cooling air is forced through the space 
between the coils and core and the outer 
protective casing. 

Single-phase Connexions. So far as 

single-phase transformers operating as such 
are concerned, these are usually arranged 
on the secondary side for single-phase 


the standard type of transformer 
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TRANSFORMER. Fig. )2. (A) Double-star con- 

ncxions. (B) Double-delta connexions. 


I WO- wire, single-phase three-wire, or serics- 
j)arallel connexion. In the first case, the 
transformer is a straight single-phase two- 
winding unit for which no unusual precau- 
tions have to l)e taken in the design. In the 
second case, unbalanced loads to neutral 
usually have to be catered for, .so that the 
halves of the windings on either side ol 
the secondary neutral must be interleaved, 
or alternatively the primary winding split 
up into two parts and paralleled. In the 
third case, the secondary winding is .split 
into two equal parts so that they can be 
connected either in parallel for two-wire 
operation, or in .series for three-wire 
operation; when connected in the latter 
manner the same precautions must be 
taken as outlined for the second case. 

Polyphase Connexions. The connexions 
of polyphase transformers are much 
more numerous than those of single-phase 
transformers, and in this .section we will 
deal with the more commonly used 
connexions. The different connexions 
which are available within this category are 
star, delta, and inter-connected star tor 
three-phase transformers, with the addition 
of double-star and double-delta for six- 


phase connexions. In addition, we have, 
of course, the Scott connexion (q.v.) 6f 
transforming from two to three phase. 

Primaries and/or .secondary windings 
may have any of these connexions, but for 
straight three-phase transformation the 
usual connexion is delta /star for both 
step-up and step-down units. The star/ 
star connexion enjoys a certain amount of 
popularity where loads are balanced and 
where no trouble is likely to arise from 
harmonics. For supplying six-phase 
rotary converters or rectifiers the double- 
star or double-delta secondary may be 
used with either a star or delta primary as 
required. Fig. 12 .shows typical connexions. 

In the case of the Scott connexion, two 
single-phase transfonners generally are 
used, being connected on the three-phase 
side in the Tee manner and on the two- 
phase side cither as two separate single- 
phase two-wire transformers, or as a two- 
phase three-wire group with a common 
neutral. (See diagram in page 1164.) 

When the ratio of transformation, that 
is, of the higher voltage to the lower 
voltage, is low, economies in capital cost 
can usually be effected by the use of auto- 
transformers (g.v.). In the.se there is a 
.single winding cither the whole of which is 
connected with the primary circuit and 
part of wliich is connected to the secondary 
circuit, or vice versa. The method of 
voltage tapping for such an arrangement 
IS shown in page 99. In most cases an 
auto-transformer (q.v.) is not a very 
favourable commercial proposition for 
transformation ratios above two. 

Polypha.se auto-transformers can be 
designed for star/star, delta/delta, star/ 
inter-connected star, and inter-connected 
.star/star connexions, as .shown by Fig. 13. 

Parallel Operation. Certain require- 
ments must be available before trans- 
formers can satisfactorily be operated in 
parallel on both primary and secondary 
sides. These requirements are as follows : 

The translormers must have : 

(1) The same ans^ular (hsplacoment between 

primary and secondary voltages. 

(2) The same voltage ratio 

(3) The same percentage impedance 

(^) The same polarity 

(5) The same phase rotation. 

The requirements (i) and (5) apply only 
to polyphase transformers. If voltage 
ratios are diffet;ent it will be found when 
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paralleling two transformers that circu- 
lating currents flow in the windings which 
serve no useful purpose and only operate 
to reduce the useful load which can be 
supplied by the transformers. If the 
percentage impedances are different the 
respective trtinsformers do not share the 
total load in proportion to their rated 

^ C 3 A A 





lnter*connected star-star auto-transformer. 


outputs, the transformer with the lower 
percentage impedance taking the higher 
proportion of the total load, and vice 
versa. 

The reference to polarity under item ( 4 ) 
above means that two or more transformers 
in parallel have the same polarity when 
their instantaneous terminal voltages are 
in phase. This obviously refers to both 
single and polyphase units. 

As regards j^hase rotation, this is a 
characteristic of polyphase transformers 
only, and satisfactory parallel operation is 
achieved when the terminal voltages of the 
corresponding phases of the different 
transformers reach their maxima in the 
same order. 

It has already been said that the angular 
displacement between primary and second- 
ary terminal voltages is a characteristic 
only of polyphase transformers. For 
satisfactory parallel operation this re- 
quirement also separates the different 
transformer connexions into the following 
groups for three-phase units : 

Group 1. Group 2. 

Star/star. Star-delta. 

Delta /delta. Delta/star. 

Delta /inter-conncL 1 ed T n I er-connect ed star/star. 

star. Star/inter-connected star. 

Within each gioup any one connexion 
may be operated in j^arallel with any other 
connexion providing all the other require- 
ments are complied with. It is not 
possible, however, to oj)erate the con- 
nexion of one group in parallel with the 
connexion of the other group. 

Tests, Installation and 
Maintenance 

Factory Tests. The principal tests to 
which transformers are subjected in the 
factory before dispatch are for ratio, 
copper loss and impedance, iron loss and 
no-load current, pressure tests, and heat 
runs. 

For the ratio test the transformer under 
test is balanced against a variable ratio 
standard transformer, and when no current 
flows in the .secondary windings of the two 
transformers their ratios are the same. 
The particular ratio of the standard 
tran.sformer is known for any given 
setting of the tapping switches controlling 
the secondary voltage, and this gives the 
ratio of the transformer under test. The 
test can be made with any convenient 


1320 




TRANSFORMER: REGULATING AND TAP-CHANGING EQUIPMENT 

hu rnurlt'sii of ./o/inmui a rhilliii.s. tfii , and the HaclAnidar rircfnc C orist / net ion Co , 1 hi 

Ti)f(Ut puiii 





TRANSFORMER 


value of low 
voltage. The 
diagram of con- 
nexions is shown 
in Fig. 19. 

The copper 
loss and imped- 
a n c e test is 
made by short- 
circuiting one 
winding and 
applying a low 
voltage to the 
other winding. 
The applied 
voltage is of 
such a value as 
to circulate full 
load current in 
the windings. 
The connexions 
for the test 
under single- 
phase transformer conditions are shown 
in Fig. 20, and in this the ammeter indi- 
cates the full load current, the voltmeter 
the impedance voltage, and the wattmeter 
the copper loss. The arrangement is 
similar for three-phase transformers in 
which ammeter, voltmeter and wattmeter 
readings are taken first in one phase and 
then in a second phase, adopting the two- 
wattmeter method of measurement. The 
total copper loss is then the algebraic 
sum of the two wattmeter readings. 

Tlic iron loss and no-load current test is 
made by applying the full rated voltage 
to the terminals of one winding of the 
transformer with the other winding open- 
circuited. The diagram of connexions 
for the test is shown typically in Fig. 21, 
in which the ammeter reads the no-load 
current, the voltmeter the applied voltage, 
and the wattmeter the total iron loss. 
F'or three-phase transformers, readings are 
taken in two phases, adopting the two- 
wattmeter method as outlined for the 
copper loss test. The total iron loss is the 
algebraic sum of the two wattmeter 
readings. 

Pressure Tests. These are of two kinds, 
the one testing the major insulation to 
earth and between windings, the other the 
minor interturn insulation. The first- 
mentioned test, termed “ the flash test/* is 
made on each winding separately with the 


other winding, and the core and the tank 
earthed. All the free ends of the winding 
under test are connected to one terminal 
of a high-voltage testing transformer, the 
other terminal of which is earthed. The 
testing voltage is usually raised to a value 
equal to twice the normal working voltage 
of the winding under test, plus 1,000 volts. 
This test voltage is maintained for one 
minute. 

The second test, called “ the over 
potential test,*' consists of applying a 
voltage difference between terminals of 
one winding with the other winding open- 
circuited for one minute equal to twice 
the normal rated voltage of the winding, 
plus 1,000 volts. The connexions of the 
test arc practically the same as that 
shown in lug. 21 for the iron loss test. 
The test is carried out at a frequency 
from 50 to 100 ])er cent, above that for 
which the transformer is designed, in 
order to avoid excessive no-load currents. 

Pressure tests are carried out with the 
transformer in its tank of oil. 

Heat runs are carried out usually by the 
short-circuit method or the back-to-back 
method. For the short circuit run, 
connexions are generally similar to tho.se 
shown in Fig. 20 for the copper loss test, 
except that the total input to the trans- 
former is equal to the sum of the iron and 
copper losses. In the case of the back to 
back run, this is described under the 
heading Sumpner Test. 



Fig. 20 (left). Copper loss and impedance test con- 
nexions for single-phase transformer. Fig. 21 (right). 
Iron loss and no-load current test connexions. 


SiN«Li Phasc 

^nniNAcS. 



Diagram of connexions for ratio 
test of transformer by com- 
parison with standard variable 
ratio transformer. 
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Installation. The 

majority of transformers 
nowadays are despatched 
in oil and therefore all 
that remains to be done 
is to top up with oil on 
site and connect up. It 
is desirable to leave the 
transformer on no-load 
for some time so that it 
may be wanned up by 
the iron losses. If the 
transformer has to par- 
allel with another it 
should be phased in before 
making final connexions. 

Indoor type transfor- 
mers should alwa5’s be 
accommodated in wcll- 
ventilated chambers 
which afford protection 
against rain, sleet, etc. 

The chambers should be 
ventilated and lighted 
adequately for obvious 
reasons. Where several 
transformers are accom- 
modated in one chamber 
there should be approxi- 
mately 3 ft. clear space 
between any two, and 
2i ft. between any trans- 
former and an adjacent 
wall. In the case of 
outdoor transformers, 
whether pole-mounted or located at 
ground level, the same procedure should 
be adopted, but special care taken to 
see that all cover and similar joints are 
oil and water-tight. 

Maintenance. As regards maintenance, 
transformers should be lifted from their 
tanks and examined once in six or twelve 
months for the initial three or four years 
of their life. All slack nuts and bolts should 
be tightened and attention should be given 
to the screws of adjustable coil supports 
to see if it is necessary to take up any coil 
insulation shrinkage. Insulated bolts or 
core laminations should be meggered and 
the same procedure might usefully be 
adopted for the windings. 

A sample of the oil should be taken from 
the bottom of the tank and tested for 
dielectric strength. The test between J-in. 
diameter spheres should give a value not 


less than 20,000 volts 
across an o* 15-in. gap. 
If sludge has been de- 
posited the oil should be 
run off from the trans- 
former and filtered and 
the tank itself thoroughly 
cleaned out. Any mois- 
ture which has collected 
at the bottom of con- 
servator vessels should 
be drawn oil periodically. 
Clean, dry oil should 
always be introduced as 
make-up for any wet oil 
removed. If breathers 
are fitted the drying 
agent should be replen- 
ished fairly frequently. 
Insulators should be 
cleaned down periodi- 
cally with a dry cloth. 
It is important to earth 
all exposed non-current- 
carrying metal in a posi- 
tive manner. 

Transformer Break- 
downs. Transformer fail- 
ures, though rare, may 
occur in the magnetic, 
electric and dielectric 
circuits. Failures in the 
magnetic circuit are asso- 
ciated with the break- 
down of the insulation 
around core and yoke clamping bolts, and 
the subsequent heating is greatest when 
two bolts break down simultaneously, form- 
ing a .short-circuited turn round the main 
flux. Failure of insulation between lamina- 
tions produces large eddy currents W'hich 
may damage the core and coil insulation. 

Failures in the electric circuit are more 
frequently due to interturn insulation 
breakdowns which may be occasioned by 
switching setting up high voltage gradients 
in the windings as well as possibly high 
electro-magnetic stresses. Breakdowns 
of this kind usually lead to burning out a 
portion of the faulty winding before the 
transformer becomes disconnected from 
the supply. External short circuits are 
sometimes responsible for a severe dis- 
ruption of the winding conductors due to 
the intense electro-magnetic stresses set 
up in the windings. 



TRANSFORMER. F«g. 22 Two-hmb mag- 
netic circuit, both limbs carrying primary 
and secondary windings of a single-phase 
transformer 
Johnson d I.ld 
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Failures in the dielectric circuit may 
occur due to the presence of moisture in 
the oil, to abnormally high temperatures 
arising from severe overloads, and due to 
system faults which result in injecting 
transient high voltages into the trans- 
former. 

Among the miscellaneous breakdowns 
to which transformers are sometimes sub- 
jected are Die following : 

Distortion of terminal leads under short 
circuit, due to insufficient bracing. 

Leaking tanks due to porous welding 
or spongy .plates. 

Flashing over of insulators due to 
surface contamination. 

Excessive temperature rise and coil 
insulation deterioration due to placing 
transformers too near to each other, or to 
chamber walls. 

Flux harmonic ampliiication due to line 
capacitance. 

Transformer Oil. The basic require- 
ments in respect of insulating oil for trans- 
formers are laid down in the British 
Standards Institution Specification, 
B.S.S. 148-1933, and reference should be 
made to this document which also gives 
details of the tests which should be made. 
The matter is more fully considered under 
the heading Oil, Insulating, page 890. 

Miscellaneous Applications. Apart from 
the use of transformers for the straight 
transformation of electric power on trans- 
mission and distribution systems, they are 
used for a variety of other purposes, the 
principal of which may be cited as follows : 
Static boosters and regulators, high- 
voltage testing transformers, welding 
transformers. X-ray transformers, auto- 
balancers, isolating transformers, furnace 
transformers and earthing transformers. 

Booster and regulating transformers are 
designed so that the primary winding is 
connected across the supply lines, while 
the secondary winding is connected in 
series with the line, the voltage of which 
is to be boosted and/or regulated. The 
voltage is regulated by means of tappings 
located on the primary winding, the tap- 
pings being controlled manually or auto- 
matically on load as may be desired. Alter- 
natively the regulating and boosting trans- 
formers may be separate, in which case 
the primary of the regulating transformer 
is connected across the line, the secondary 


feeding the primary of the boosting trans- 
former and the secondary of the latter 
being connected in series with the line. In 
this case the voltage tappings are placed 
on the regulating transformer secondary. 

High voltage testing transformers are 
characterized usually by their relatively 
small output for the voltage for which they 
arc built. They may be designed for 
voltages up to 1,000,000 either in a single 
unit or in several separate units which are 
connected in cascade. More commonly 
these transformers are oil insulated, but 
transformers are on the market for this 
class of service which are entirely air 
insulated. The major insulation between 
windings and to earth in these high 
voltage testing transformers takes up the 
major portion of the space occupied by the 
complete unit. 

Welding transformers, X-ray and fur- 
nace transformers are considered in the 
articles concerned with these subjects. 

Auto-balancers may be single-phase or 
three-phase, and are used for providing 
a neutral point to which unbalanced loads 
may be connected and by the medium of 
which voltage drops are minimized by the 
redistribution of currents in the lines on 
the supply side of the balancer. They are 
single-winding one-to-one transformers 
and usually are designed for relatively 
small outputs and low voltages. 

Isolating transformers having a one-to- 
one ratio are sometimes used when it is 
desired to isolate one part of a circuit 
from another part of the same circuit 
without modifying the voltage and current 
of the two parts. If a one-to-one double- 
wound transformer be inserted in such a 
circuit, the two parts are electrically 
separated and, being linked electro- 
magnetically, they function as a homo- 
geneous circuit althougli separated electri- 
cally. The design of such transformers 
follows conventional practice. 

Earthing transformers are used for 
deriving an artificial neutral point on a 
delta-connected system, and they are 
described elsewhere (see page 408). 

Numerous transformer text-books are on 
the market and the interested reader who 
requires specialized knowledge of trans- 
former engineering is recommended to 
study these. Some of the more important 
are listed in the next page. 
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" 'I'ransformcrs for Single and Multiphase 
<'iirrcnts,’' bv G Ka])p, revised by R. O. Kapp. 
Pitmans (1025). 

“ The Essentials of Transformer Practice," 
by E. G. Rood. Chapman & Hall (1027) 

" Transformer Construction and Operation," 
by E. G. Reed. McGraw-Hill (1928) 

" Transformer Systems and Their Operation," 
by W. T. Taylor. Gnfhn & Co., I.td. (1927). 

" Electrical Transformer Theory," by S G 
Monk Pitmans (1033). 

" The J. and Transformer Book," bv 
S. A. Stigant and H. M T.acev. Jolinsoii & 
Phillips, Ltd. (1925). 

TRANSFORMER GENERATOR. A 

form of frequency changer (q.v.) of the 
induction motor type. 

TRANSFORMER OIL. Oil, In- 

sulating. 

TRANSFORMER STATION. More 
usually called a static sub-station, this is 
a transmitting or distributing centre, 
where energy is received at a certain 
voltage and transmitted or distributed 
at another voltage. In the former case 
the receiving voltage usually is stepped 
up for tran.smission, while in the latter case 
the recei\ing voltage usually is stepped 
down for distribution fmrposes. The 
simplest form of transformer sub-station 
is perhaps the familiar outdoor pole type 
station consisting of a small weatherproof 
transformer with H.T. isolating switch 
and fuses or switch-fu.ses. 

In another category we get the industrial 
type of enclosed brick or .similar sub- 
station containing one or more trans- 
formers with H.T, and L.T. .switchgear, 
often of the iron-clad or panel type, 
together with the necessary electrical 
indicating and recording instruments. 
Yet another form is that of the enclo.sed 
tj^pe of static sub-station associated with 
power stations, in which individual trans- 
formers with their own isolators are 
placed in their own chamber, the circuit 
breakers being hou.sed adjacent thereto, 
also in their own chambers. See also Grid 
Scheme ; Overhead Lines ; Sub-station : 
Transformer, etc. 

TRANSIENT CURRENTS. In a circuit 
where the reactance is high compared to 
the resistance, t!ie alternating current 
lags behind the applied voltage by nearly 
QO*^. If the circuit is initially closed at 
an instant when the voltage has such a 
value or phase position that normally the 
current would be passing through zero 


value, the latter would immediately take 
up the sine variation. If, however, the 
switch were closed at an instant when the 
voltage is near zero and the current 
nearly a maximum, the normal sine law 
is upset. The resistance in the circuit 
will tend to distort the sine wave of 
current until normal conditions have been 
reached. The resulting current curve may 
be resolved into two components, namely, 
a normal sine wave and a die-away 
logarithmic curve known as a transient. 

Amongst other contributory causes to 
the production of transients in trans- 
mission circuits may be mentioned light- 
ning disturbance, switching, resonance, 
arcing grounds, earths, sudden changes 
of load, etc., and the transient may take 
the form of a surge, oscillation, stationary 
or travelling wave. See Oscillation ; 
Surge. 

TRANSLAY PROTECTIVE SYSTEM. A 

.system of protection, due to the Metro- 
politan-Vickers Co., which depends upon 
the balance of the secondary voltages 
induced in the auxiliary circuits of the 
relays. The word “ Translay " indicates 
that the relays function also as transform- 
ers. Ordinary current transformers are 
used, and the secondary circuits of the 
relays arc interconnected (sec diagram). 
As {he maximum possible secondary volt- 
age cannot exceed about 100 , tlie capacity 
currents in the pilots are small, and their 
effect is annulled bv a special compen- 
.sation method. A biassing device prevents 
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operation of tlie relays by straight through 
short-circuit currents. Three-phase lines 
can* be protected by two relays at each 
end, one being responsive to short-circuit 
faults, the other to earth leakage faults. 
See Protective Devices. 

TRANSMISSION. There is no clear-cut 
line of demarcation between transmission 
and distribution, both terms being loosely 
used and the functions overlapping. 
Broadly speaking, however, transmission 
implies transference of energy in bulk 
from one point to another, without supply 
being given to individual consumers on 
route. Distribution, on the other hand, 
is more concerned with reticulation to 
consumers, covcTing both primary and 
secondary networks. With this differen- 
tiation a feeder within a distribution 
system is a “ transmission ” line ; and 
sometimes the lower voltage transmission 
lines are taj)ped on route to supply 
individual consumers. These illustrate 
points of overlapping. The matter is 
further discussed under Distribution. 

In general, distribution pressures do 
not exceed 22 or 33 kV, and since it is 
above 33 kV that new technical problems 
begin to become pronounced, it will be 
convenient to discuss transmission from 
the standpoint of pressures of 33 kV up- 
wards. 

A.C. Transmission, Virtually all trans- 
mission schemes are carried out with 3- 
phase A.C. That results from the dev*c- 
lopment and economy of 3-pliase genera- 
tion, and the ease with w'hich pressures 
can be stepped up and down by static 
transformers. Nevertheless the system 
is by no means ideal. New factors that 
begin to intrude as transmis.sion pressures 
increase above 33 kV are : — corona loss 
on overhead lines and dielectric liysteresis 
in cables, resulting in increased energy 
losses over long distances ; difficulties 
associated with voltage regulation and 
l)hase displacement, due to increased 
capacity and inductance and to the 
capacity currents being relatively large, 
compared with load currents ; and the 
greater liability to surge troubles. 

Cables. The normal type of 3-corc 
belted cable has been used with some 
success at 33 kV, and single-core cables 
of normal construction up to 66 kV. A 
trouble that is increasingly liable to 


occur at such pressures is breakdown due 
to ionization. In service the cables 
expand and contract due to heat from the 
varying load currents, and it is difficult to 
be sure that the lead sheath will shrink 
back tightly on to the core on cooling. 
Where it does not, partial vacuum results 
beneath the sheath and within the core 
insulation. Any gas present will fill these 
voids, and under the condition of partial 
vacuum the critical ionization pressure 
is reduced. The working voltage may then 
be sufficiently high to initiate ionization, 
leading to breakdown. 

Due to the above cause special types 
of cable have been developed for pressures 
of 33 kV and above, such as the Hochstad- 
ter, S.L. (single lead), and oil-filled types 
(see Cable, pages 174-75). The latter is 
the only type so far employed for pressures 
as high as 132 kV, while the former have 
been successfully employed up to 66 kV. 
Installations at the highest pressures gen- 
erally utilize single-core cables. Owing to 
the greatly incrca.sed cost compared with 
overhead lines (maybe a seven-fold increase 
at 132 kV), cables are only utilized for 
E.II.T. transmission where special con- 
ditions (as bringing a grid line through a 
populous urban area) justify that course. (At 
II kV ill rural distribution, cables may be 
used in preference to overhead lines as 
stated in pages 487-88, but here E.H.T. 
problems do not arise.) 

Overhead Transmission Lines. With 
increase of operating pressure above 
33 kV the insulators become the most 
important feature of overhead line design. 
Both because of their greatly increased 
cost, and because every insulator point 
is a potential source of weakness, the 
longest practicable spans are adopted. Lat- 
tice steel towers and steel-core aluminium 
conductors find favour because they per- 
mit long spans being used. Pin-type 
insulators have been used at 66 kV, 
but suspension- type insulators are com- 
monly preferred because of their better 
mechanical and electrical characteristics. 

Modern practice demands insulators with 
good electrostatic balance. That is, to 
secure a constant puncture to flash -over 
voltage ratio at all freejuencies, so that 
the insulators will flash-over rather than 
puncture under conditions of high-fre- 
quency transients. To the same end 
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grading rings are attached to the lowest The advantages are claimed to be 
insulator of a string, with arcing horns increasingly pronounced the higher the 
at the top, as on the Grid ” lines. pressure, lOO kV and over, and the 

E.H.T. transmission lines are less sub- greater the power to be transmitted, say 
ject to lightning troubles than lower 100,000 kW upwards. Hitherto, however, 
voltage lines, as they have heavier insula- the insuperable difficulty has been to 
tion, while the induced voltages due to build suitable machines for generating 
lightning are the same whatever the line E.H.T. D.C. at the sending station and 
operating voltage. Similar precautions corresponding equipment for stepping 
against surges are taken as on lower down the pressure at the receiving end. 
voltage lines, e.g. extra insulation on end The main difficulty lies in commutation 
turns of transformers, generators, etc. at extra high pressures. 

D.C. Transmission. Hitherto little Attempts have been made to develop 
headway has been made with direct- D.C. transmission utilizing A.C. genera- 
current transmission at extra high voltage, tion, notably the Traiisverter machine 
Practically the only instance is the of Highfield and Calverley. This con- 
Thury system (q.v.), of which the most prises A.C. transformers to step up the 
notable installation operates at 50-60 kV. pressure and multiply the number of 
It is the opinion of many experts that from phases, in conjunction with a rotating 
the purely transmission line aspect E.H.T. commutator to convert to unidirectional 
D.C. transmission has many potential D.C. for transmission, with corresponding 
advantages over A.C., including economy reconversion equipment, D.C. to 3-phase 
in first cost, operation and maintenance. A.C., at the receiving end. 




TRANSMITTER (RADIO) 


Latterly, the advent of the grid-con- 
trolled, steel tank, mercury arc rectifier 
{q,v.) has again directed attention to the 
possibilities of D.C. transmission. These 
rectifiers are already extensively used for 
A.C. to D.C. conversion, notably for 
railway work, and their adaptability for 
inverted operation, D.C. to A.C., has 
further been demonstrated. 

Another form of apparatus, the Marx 
rectifier (q.v.), may also prove to be of 
value for producing high-voltage D.C. 
from A.C. 

The position, therefore, is that equip- 
ment is available that would make a 
working scale experiment in D.C. trans- 
mission practicable, and it is possible that 
it will be tried out on a practical scale. 
Nevertheless, it must not be overlooked 
that many associated problems remain 
to be solved, such as switching, voltage 
regulation, and interconnexion if two or 
more D.C. lines are to be linked together : 
and last, but by no means least, E.H.T. 
D.C. metering. See Cable Distribution; 
Feeder ; Grid System ; Network ; 
Overhead Lines, etc. 

TRANSMITTER (Radio). A radio 
transmitter consists of apparatus for 
generating high-frequency oscillations, 
modulating them according to the intelli- 
gence to be broadcast and feeding them 
into a radiating aerial system {see Broad- 
(’asting). In modern transmitters the 
high-frequency oscillations are generated 
by thermionic valves, although spark 
transmission is still used for maritime 
communication. 

There are very many circuit systems 
possible and choice is made to suit the 
power involved, the wavelength and other 
conditions. A simple transmitting circuit 




Fig. 2. Methods of quartz crystal control. 


for low-power telephony is shown in Fig. l 
where choke-control modulation (q.v,) is 
used. Vi is the oscillator valve, which 
is parallel fed and whose output circuit 
is inductively coupled to the aerial. Vg is 
the modulator valve with L.F. choke in 
the anode circuit. The valve anodes are 
joined through the high-frequency choke 
which prevents H.F. current from reaching 
the modulator stage. 

Master Oscillator System. The most 
generally used system for broadcasting 
transmitters is that in which a master 
valve-oscillator is made to generate the 
high-frequency oscillations at low power, 
these being subsequently amplified, modu- 
lated, and further amplified by a high- 
frequency power amplifier before being 
fed to the aerial system. 

Owing to the large number of tran.s- 
missions to be accommodated within the 
practical range of transmitting fre- 
quencies available, it is essential for each 
transmitter to operate at the frequency or 
wavelength allotted to it within a high 
limit of accuracy, and for this reason the 
frequency is usually crystal-controlled. 
A quartz crystal correctly cut and pro- 
portioned will maintain the frequency 
constant to a remarkable degree. Such a 
crystal has the peculiar property of being 
mechanically strained or distorted when a 
voltage is applied between opposite faces, 
and vice versa, the phenomenon being 
known as the Piezo-electric effect. Be- 
sides this, it is of a highly elastic nature 
and mechanical resonance occurs at a 
very sharply defined frequency. 

There are two ways of applying quartz 
control to a valve oscillator, as shown at 
(a) and (b) in Fig. 2. In both cases the 
anode circuit is tuned to the natural fre- 
quency of the crystal, but in (a) a small 
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correspondingly high, and for the 
sake of hum-free operation of the 
transmitter storage batteries are 
widely used for the low-tension 
supply. 

It is common practice in many 
instances to obtain the power for 
a broadcast transmitter from 
public supply mains, but in most 
cases an independent generating 
plant is installed as a stand-by 
to ensure continuity of the trans- 
mission in the event of failure of 
the outside supply. High-tension 
. , current can be obtained from valve or 

degree of inductive coupling is provided mercury arc rectifiers operating on A.C. 
between grid and anode circuits, whereas supply, preferably three-phase. In some 
in (6) the necessary coupling is only that of the most recent broadcasting stations 
afforded by the inter-electrode capacity whole of the electrical power required 
(q.v,) between anode and grid. Without the jg generated locally, such a system having 
crystal these couplings would be insuffi- advantages of economy and indepen- 

dent to produce self-oscillation. Tern- dcnce. 



perature affects the crystal to some extent, 
and for this reason it is sometimes en- 
closed in a space where the temperature 
is kept constant by thermostatic control. 
In these circumstances the frequency of 
the oscillator can be controlled to 30 or 
40 parts in a million. As the crystal 
is an insulator a grid leak resistance is 
necessary for applying grid-bias voltage. 

Fig. 3 gives an example of a master 
oscillator system with crystal control and 
employing choke modulation. Neutral- 
izing conden.sers NC are shown, these 
being necessary to pre\’ent feed-back 
from later to earlier stages {see Neutro- 
dyne). Where a large power output is 
required further stages of amplification 
follow the modulator stage. In all trans- 
mitters the output valve is loosely 
coupled to the aerial circuit, which is 
tuned, as there is an optimum coupling 
giving maximum aerial current, as indi- 
cated by the aerial ammeter. If the 
coupling is made tighter than that giving 
maximum current, two frequencies will be 
radiated, a double hump resonance curve 


D.C. motor-generator sets are employed 
for supplying the H.T. and L.T. current. 
For the H.T. supply, special generators 
each with two armature windings and two 
commutators are used, two such machines 
being mechanically coupled and driven by 
a single motor. The four armature wind- 
ings are joined in series so that only one- 
fourth of the total output voltage occurs 
across each commutator— 2,500 volts for 
a 10,000- volt supply, the arrangement 
being shown in Fig. 4. The shunt-field 
windings of the generators are supplied 
from the 230-volt main supply, and owing 
to the constant nature of the load, auto- 
matic voltage regulation or compounding 
is unnecessary. In fact, it is an advantage 
to have reverse compounding or differ- 
ential compounding to limit the current 
when a breakdown in the nature of a 
short circuit occurs. 

On account of the high voltages used, 
all live parts have to be protected by 
earthed screens to prevent accidental 
contact by any person and all controls 


being obtained as for a band-pass filter. 

Power Supply. Transmitting valves are 
operated at high anode potential, being of 
the order of 10,000 volts in a broad- 
casting station, and the power plant 
required is of a highly specialized nature. 
The valves have directly heated filaments, 
and the low-tension current required is 
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must be, mouiited in such a way as to 
ensure safety. 

The transmitter itself is usually divided 
into sections — for instance, the low- 
frequency amplifier, master oscillator, 
high-frequency amplifier, modulator stage, 
and power amplifier stage are built as 
separate units, each being enclosed behind 
earthed screens or grids. 

The various stages and processes in- 
volved in a complete broadcasting trans- 
mitter from microphone to aerial are 
outlined under Broadcasting. See also 
Modulation ; Oscillator. 

TRANSVERTER. In addition to the 
well-known rotary converter in which the 
voltage transformation is carried out by 
a separate transformer, the transverter 
has been developed which attacks the 
problem of A.C. to D.C. conversion, and 
vice versa, in a different way. This 
apparatus was developed by Messrs. J. E. 
Calverley and W. E. Highfield at the works 
of the English Electric Co., Ltd., and 
operates on the direct inversion of the 
ordinary D.C. revolving armature. . The 
design consists essentially of a group of 
phase-multiplying transformers and a 
commutating group, in which synchron- 
ously driven brush-gear is rotated about 
the requisite number of fixed commutators. 
The brushes short-circuit the secondary 
coils that are at zero potential to achieve 
rectification. 

The three-phase A.C. supply is phase- 
multiplied by special windings on the 
main transformers to produce thirty-six 
phases. Numerous similar secondary 
coils on the same eighteen limbs as the 
primaries are connected to the commutator 
bars in such a way that the voltage is 
built up progressively from one pole 
to the next. The revolving brushes short- 
circuit the secondaries to yield rectified 
direct current supply. 

Such machines have not been exten- 
sively developed in commercial practice 
owing to the capital cost being much 
greater than a static transformer set of 
like output, and the extra maintenance 
and attendance charges involved. The 
advantages are the few moving parts 
required and the fact that the windings 
we stationary, and can therefore be 
immersed in oil. A standardized con- 
struction may be adopted for all the 


secondary windings, since they are identi- 
cal. Against these are the disadvantages 
of the extra losses introduced by the 
commutators and the fact that the break- 
down of one winding would throw the 
whole set out of action. See also Converter. 

TRICKLE CHARGING. A teim that has 
two implications. The first is one com- 
monly and loosely used to describe the 
process of charging (q.v,) accumulators 
at lower rates than normal, whilst the 
other is a technically correct expression 
which describes charging specially de- 
signed to compensate for standing losses 
due to hydration. 

Losses due to standing idle are very 
small, and amount to a small percentage 
of the capacity of the cells per month 
in the case of lead-acid batteries, and 
are practically non-existent with alkaline 
cells. Consequently, trickle charging 
designed to compensate for such losses 
need be but a very small percentage of 
normal charging rates. Approximately, 
one quarter ampere for every i,ooo 
amp6re-hours capacity of the cells is 
sufficient for this purpose. 

The more common definition of the 
term applies to any charging carried out 
at rates considerably below the normal. 
This is a procedure that is by no means 
beneficial to the cells, and should not be 
practised except in cases of necessity, 
where proper means of charging at 
normal rates do not exist. The only 
justification, otherwise, for low rate 
charging is when the cells are over- 
discharged and have become somewhat 
over-sulphated thereby. A low rate of 
charging is then beneficial. It would 
be better, in these cases, not to speak of 
trickle charging, because in this sense the 
term is too loosely applied. 

The chief practical application of trickle 
charging is in connexion with emergency 
lighting (q.v.), where batteries are kept 
in a fully charged state when not in use 
by automatic switches closing to edlow 
trickle rates until the batteries are 
fully charged, when they cut out again. 
See also Keepahte. 

TRIFURCATING BOX. A dividing box 
in which the joints may be endosed 
between a three-core or triple concentric 
cable and three single-core cables or bare 

T4 
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conductors. Wooden spreaders are in- 
serted in such joint boxes to keep the 
three cores separate, and the joints for 
each core made as described under Joints 
and jointing Tiie box is then filled 

with compound in the usual manner. See 
Dividing JSox ; Joint Box, etc. 

TRIGONOMETRICAL FUNCTIONS. 

Trigonometry is a branch of mathe- 
matics dealing with the ratios of 
the sides of rectangular triangles. The 
trigonometrical functions express these 
ratios. Consider Fig. i. ABC is a 
rectangular triangle. The riglit angle is 
at C. We can divide each of the three 
sides by the other two. This gives six 
po.ssible ratios. They are the six tri- 
gonometrical functions, namel}" : 

aje — sine a . . . written sm a 

hjc cosine a . written cos a 

ajb - tangent a . written tan a 

r!a -- cosecant a . written < osec a 

cJb secant a written sec a 
hja -- cotangent wTitten cot a 

These functions lia\e been calculated 
for all angles and their\’alucs are printed in 
mathematical tables. Tliey i)rovide quick 
means of finding the dimensions of rect- 
angular triangles. If, for instance, the 
angle a and the length of side c are known, 
one can find a by looking up sin a in the 
tables and multiplying it by c. Similarly 
h is found as c x cos a. Or if a and b are 
known, a can be found bv looking up in a 
table the value for ajb =- tan a. 

Every triangle can be divided into two 
rectangular triangles by drawing a line 
from an apex per]:)endicular to the opposite 
side. Therefore the trigonometric func- 
tions can be adapted to express the 
measurements of any triangle. They are 
used in this way in surveying. One side of 
a triangle is measured on the ground, and 
the two angles to a selected point from 
each end of this line are measured. Tables 
of the trigonometrical functions make it 
possible to find the distances to the point 
from each end of the m^‘asurcd line w'ith- 
out the need of going over the ground or 
even visiting the distant point. 

This is only one use of the trigono- 
metrical functions. They help to .solve 
every problem in which the ratios of 
straight lines at an angle to each other are 
significant. Thus the effect of a number 
of forces acting in different directions can 


be conveniently represented on paper by 
straight lines. Their joint effect in magni- 
tude and direction is best foimd by the 
use of tables of the trigonometrical func- 
tions. A simple instance is provided by a 
body sliding down a smooth inclined 
plane. Its tendency to slide depends on 
the steepness of the plane, that is to say 
on its angle. It can be shown that this 
tendency is proportional to the sine of the 
angle. 

In electrical engineering the trigono- 
metrical functions are used in a variety of 
ways. They are essential for the calcula- 
tion of the forces acting on the various 
l)arls of machines and apparatus as in all 
engineering. They also have a special 
application in the calculation of the effect 
of combining currents and voltages in 
alteniating current work. An alternating 
current or voltage follows a sine curve 
(q.v.). It can be represented by a line 
called a vector (q.v.). The lines represent- 
ing other currents or voltages can be 
r(‘])rescntcd by other vectors differing in 
length and direction from the first. When 
such vectors are placed so as to form 
triangles, the values of unknown magni- 
tude can be calculated from the known 
quantities with the help of the trigono- 
metrical functions. A common and simple 
example is the calculation of the power of 
an alternating current. The vector for 





TRIGONOMETRICAL FUNCTIONS. Fig. 1. The rec- 


tangular triangle from which sine, cosine and tangent 
are derived. 
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TRIGONOMETRICAL FUNCTIONS. Ftg. 3. The posi- 
tive and negative signs of a between 0"^ and 360'*. 


the voltage makes an angle of 0 with tliat 
for the associated current. It can be 
shown with tlie help of trigonometry that 
the power is E X I X cos 0, where E and I 
are respectively the voltage and the 
current. 

Fig. 2 shows how the trigonometrical 
functions are related to the circle. If BC 
is at riglit angles to 0 ( 7 , BC/OB .sin a. 
OB is the radius of the circle. If this is i, 
BC is sin a, OC is cos a and C'B' is tan a. 
It is evident that sin a and cos a are ahvays 
less than i and tliat tan a may have any 
value. 

Fig. 3 demonstrates the values which sin a 
and cos a assume for various values of « be- 
tween 0° and 3bo‘". The figure shows that 
four quadrants are distinguished. For the 
first, is an acute angle. For the .second 
it is an olituse angle. It is betw^eeii 90° 
and 180”. For the third, it is between 
180" and 270°, and for the fourth betw^een 
270° and 360°. It is a convention that any 
values of sin a and cos a which arc measured 
to the right of the centre of the circle and 
above it are called positive, and any to 
the left and below it are called negative. 
This gives the following table of signs of 
sin a and cos a. 



sin a 

cos a 

First quadrant 

■f 

+ 

Second quatlrant . . 

-f- 

— 

Third quadrant 

— 

— 

Fourth quadrant . . 

— 

+ 


Tan a is not shown in Fig. 3, but it will be 
easily understood that its sign is always 
the same as that of sin a. Cosecant, secant 
and cotangent are respectively one divided 
by sine, cosine and tangent, so that their 
signs correspond to these. See Cosine. 

TRIODE. Another name for three- 
electrode valve. See Valve. 

TRIP CIRCUIT. Various types of relays 
are available for the different protective 
.S3"stcms and their applications. All, how- 
ever, are alike in that they control the 
circuit including the winding of the 
electro-magnetic mechanism by whose 
action the circuit breaker is tripped. 

This circuit is known as the trip 
circuit, and the relay cither by rotation of 
a disc or the release of a detent clo.ses a set 
of contacts which completes the trip 
circuit and brings the circuit-breaker 
release into operation. The relative posi- 
tion of the contacts can be altered to 
enable adjustment of the time of action 
of the relay according to requirements, 
and modern circuit breakers can be relied 
upon to open a circuit within about 0-25 
second of the relay contacts closing. 
See Circuit Breaker ; Protective Devices ; 
Relavs ; Switchgear, etc. 

TRIPLE FREQUENCY HARMONIC. 
Alternative name for Third Harmonic 
iq.v.). 

TRIP RELAY. The relay by whose 
operation the trij) circuit is closed, 
thereby causing the circuit breaker to 
open. Fully discussed under the heading 
Relays (q.v.). 

TRIP SWITCH. In addition to the 
automatic operation of the circuit 
breaker on occurrence of fault, by the 
agency of various protect i\’e devices, 
relays and trip circuits, etc., means must 
edso be provided for operating the trip 
circuit by hand. The apparatus is simple, 
consisting merely of the necessary small 
switch for closing the trip circuit. This 
switch may be situated on the remote 
control or main switchboard panel and an 
indicator lamp in series with it lights up 
when the circuit breaker is tripped. 
See Circuit Breaker ; Remote Control ; 
Switch, etc. 

TRIVECTOR An integrating meter 
for measuring the reactive power, dis- 
cussed under the heading Kilo vqlt- Ampere- 
Hour Meter. 
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THE TROLLEY-BUS & ITS EQUIPMENT 

By A* T* Dovcr> M.I.E.E.* A.Amer.I.E.E,, Authbr of '• Electric Traction 

Here is given a discussion on the operating features and advantages of trolley- 
buses, as compared with tramways and the ordinary omnibus, together with a 
sketch of the electrical equipment, the running and overhead construction. 
Reference should specially be made to the main article on Traction. The 
driving motors are dealt with under appropriate headings in other parts 

of the work. 


The trolley-bus is becoming increasingly 
important as a public-service vehicle for 
passenger transport, as it combines the 
advantages of electric operation with the 
mobility of the internal-combustion-cn- 
gined (I.C.E.) bus. The ability always to 
load and unload passengers from the kerb 
instead of the road is a factor of prime 
importance in any system of passenger 
transport, and. it is this feature which has 
led to the tremendous increase in bus 
transport systems throughout the whole 
country. Moreover, the mobility of the 
bus is a valuable asset in relieving traffic 
congestion and in speeding up the trans- 
port system in towns with dense traffic and 
narrow thoroughfares. 

Advantages of Trolley-Buses. The out- 
standing advantages of a trolley-bus are 
its quietness, smooth and vibrationless 
operation, and the absence of fumes and 
smell. Such features are possessed by no 
other road vehicle or road transport 
system. 

Moreover, due to the trolley-bus receiv- 
ing its energy from an external electric 
supply system, the energy which the 
vehicle can obtain during short periods is 
enormously greater than that which could 
be obtained from an internal supply 
system. 

This feature, combined with the speed- 
torque and overload characteristics of the 
electric motor, enable very high accelera- 
tion — 2*5 m.p.h. per second — to be 
obtained with a power unit of relatively 
low continuous rating compared with that 
for a practicable I.C.E. bus. 

Further, the power equipment on a 
trolley-bus may also be used — in conjunc- 
tion with power-operated wheel brakes — 
for braking the vehicle, and by these means 
a very high braking retardation (2| to 3 
m.p.h. per second) may be obtained. 
Thus, the trolley-bus is capable of giving 
a higher schedule speed than an I.C.E. 
bus of equal weight. Incidentally, the 


maximum speed of the former may actually 
be lower than that of the latter vehicle. 

It is these features, together with those 
already mentioned, that are responsible 
for the rapid increase of popularity of the 
trolley-bus with the travelling public. 
One cannot conceive any other form of 
vehicle which, while giving the advan- 
tages of rapid transit, gives also the 
maximum comfort to the passengers. 

Operating Advantages. The trolley-bus 
is murh simpler to drive and manoeuvre 
than an I.C.E. vehicle. This operation is, 
therefore, in the case of a trolley-bus, less 
fatiguing to the* driver, who is thereby 
able to render better service in charge of 
the vehicle. 

The maintenance of a trolley-bus is 
exceptionally low in comparison with that 
of an I.C.E. vehicle, the chief item of 
maintenance being tires. Costly renewals 



TROLLEY-BUS. Tig. 1. General body design of a , 
trolley-bus. 

BnoUih Xl€etrie Co.. Lid. ‘ 
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Fig. 3. Chassis at driver’s end showing contro 
Associated Equipment Co . Ltd, 

and overhauls arc unnecessary ; the oi 
consumption of the power unit (i.c. th( 
driving motor) is nil ; daily inspection 
before a service period, is short aiu 
simple ; no warming-up is necessary befon 
starting on service, and no precautions, a: 
in I.C.E. vehicles, have to be taken ii 
winter ; fuel storage and special wate 
supply (for radiators) at garages an 
unnecessary : and stops in service fo 
these items are also unnecessary. 

The useful life of the power plant of i 
trolley-bus is about 20 years, whereas tha 
of an internal-combustion engine for bu! 
service is about 5 years. Moreover, 01 
account of the absence of vibration, tin 
chassis and body of the trolley-bus wil 
not depreciate so rapidly as those of th< 
I.C.E. bus, and the full 20 years* lih 
will be possible for these parts. 

Running Costs. The trolley-bus receive 
hs energy from an electric supply system 
nnH fTiA rncf rkf fh-ic Anprav npr kWl 


TROLLEY-BUS. Fig. 2. View with body removed, 
showing lay-out of motor and transmission. 

Enalisli Electric Co„ Ltd. 

is a fixed quantity. It is possible, 
therefore, to compute fairly accurately 
the running costs of a trolley- 
bus, as variation of energy 
consumption due to abuse or 
inefficient operation is re- 
latively small, whereas great 
variations on this account and 
on varying fuel costs must be 
allowed for in the I.C.E. bus. 

Due to the long life of a 
trolley-bus the depreciation 
charges are lower than those 
for an I.C.E. bus. Customary values are; 
10 per cent, for a trolley-bus, and 17 pei 
cent, for an I.C.E. bus. 

As the capital costs of the new vehicles 
are approximately equal, the interest 
charges will be approximately the same 
for an equal number of vehicles in the 
two cases. But, due to the higher 
schedule speed of a trolley-bus, fewer oi 
these vehicles may be required for a 
given service, thereby resulting in lower 
interest charges. 

In comparison with an I.C.E. bus, a 
trolley-bus suffers from the disadvantage 
that it is dependent upon an external 
electric supply .system, and cannot operate 
unless overhead conductors connected 
therewith are erected along the whole 
length of each route. 

The cost of this overhead equipment 
averages about £1,800 per mile for a 
double service, and the interest and 
deoieciation charges thereon form a 
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standing charge which is peculiar to a 
trolley-bus system. 

In view of the standing charge due to 
the electrical distribution system and over- 
head conductors, a trolley-bus system 
should operate in districts where a fre- 
quent service of vehicles is required, as in 
such cases the above standing cliarges 
may become a relatively small ]>roportion 
of the total operating costs. In fact, the 
more frequent the service the lower will be 
the total operating cost i)er car mile. 

Traffic with less than three services per 
hour (i.e. a headway exceeding 20 minutes) 
is unremunerative for trolley-bus o]^era- 
tion. Such (country) services are best 
served by I.C.E. buses. 

Trolley-Bus Equipment and 
Control 

Power Unit. Present-day practice em- 
ploys a single driving motor, which is 
rated at about 80 h.p. (i hour), 500/550 
volts ; the continuous rating being about 
60 h.p. The motor is cajiable of operating 
satisfactorily at currents 50 per cent, 
above the rated (i hour) current, such 
currents being required during starting. 

The motor is usually of the series- 
wound t3^pc, but in many cases a com- 
pound-wound motor is employed in order 
to obtain regenerative braking (with the 
corresponding saving in energy) and in- 
creased flexibility of speed control. 

The motor is mounted in the forward 
portion of the chassis, in a position slightlv 
to the rear of that which would be occupied 
by the engine of an I.C.E. bus. The same 
design of chassis is, in many cases, used 
for both vehicles. Fig. 2 is a tyjncal ex- 
ample. The transmi.ssion is by a projieller 
shaft, with universal joints, to differential 
gearing in the back (driving) axle or axles, 
thus following the standard motor-vehicle 
practice. 

Speed Control. When a single D.C. 
motor is started in the ordinary manner, 
by means of inserting and cutting out 
resistance in the armature circuit, the 
energy losses in the starting rheostat 
may be from 40 to 45 per cent, of the 
energy input from the supply system 
during the starting period. Expressed in 
another way, the energy losses during 
starting are approximately equal to the 
energy output from the motor during the 
starting period. 


In the case of a trolley-bus working 
a service with 8 stops per mile at a schedule 
speed of 10 m.p.h., the number of starts 
per hour would be 8 x 10 80. Obviously 

in such a case the energy losses during 
starting form an important item in the 
annual energy account. 

Low Rheostatic Losses. Low’^ rheostatic 
losses during starting may be obtained 
by shortening the starting period and at 
the same time increasing the torque per 
ampere of current input to tlie motor. 
The latter requirement is necessary in 
order that the increased acceleration, 
corresponding to the shortened starting 
period, may be obtained without unduly 
increasing {he current input to the motor. 

Since, in any D.C. motor, the torque 
per ampere is proportional to the flux, 
low rheostatic losses at starting can be 
obtained by increasing the flux during the 
starting period. Such a method is called 
“ augmented held starting.'' 

In the series- wound trolley-bus motor 
the number of turns provided on the field 
winding is larger than that necessary for 
normal running. At starting the full 
current passes through the held winding 
and a high flux is obtained, but immedi- 
ately^ the starting rheostats are cut out 
current is diverted from tlie held winding 
so as to give the normal flux. 

Field Control. For services with fewer 
stops per mile than the number (8) 
mentioned above a second diversion of 
current is usually jirovided in order to 
give the higher running speed which such 
service requires. The motor then operates 
under weakened held conditions. 

With com]X)iind-wx)und (regenerative) 
motors the augmented held at starting, 
and the w^cakened held for the higher 
speed running, are obtained by con- 
trolling the current in the shunt winding 
by means of rheostats. 

Braking. The braking system of a 
trolley-bus compri.scs : (i) power- or 

servo-operated mechanical brakes actuated 
by foot pedal, (2) hand-operated mechani- 
cal brakes actuated by hand lever, (3) 
electric (rheostatic or regenerative) brake. 
The mechanical brakes are compulsory, 
but the electric brake is optional ; it is, 
however, usually fitted on account of the 
improved operating conditions thereby 
obtained. 
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Rheostatic Braking. In rheostatic 
braking the motor operates as a 
self-excited generator and is loaded 
on rheostats. The braking torque is 
regulated by varying the resistance in 
the load circuit. Two steps only > 
are usually provided. 

When rheostatic braking is neces- 
sary with scries- wound motors the ; 
connexions between the armature and 
field windings must be reverstui in 
changing over from motoring to 
braking. 

Regenerative Braking. This form of 
braking — in which the stored energy of the 
vehicle is converted into electrical energy 
and returned, less losses, to the supply 
system (see Regenerative Braking) — is, on 
trolley-buses, used only with compound- 
wound motor equipments. No reversal 



^everser. 


Fig. 6. Foot-operated master 
control unit. 


hlectric Co , Ltd. 

or change of connexions is necessary 
between motoring and braking. 

Braking is obtained when the vehicle 
is running at speed — which would corre- 
spond to a weak shunt held excitation — 
by progressively increasing the shunt 
held excitation. This causes the motor 
to act as a generator (differentially com- 
pounded, in this case) and to 
, feed back into the supply 
? / ^ system. As the speed decreases, 


Contactors 


^ 

Starting Res/stono 


trolley - BUS. 
Fig. 7. Connexions 
for regenerative 
equipment. 


Brake 
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Braking 

Resistance 
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Shunting 

Resistance 


BrakeJ 
% Brake 2 


due to the braking action, 


must the shunt excitation be 
increased, the braking ceasing 
when full shunt excitation is 
obtained. 

Control Equipment* In all 

modern trolley-buses a remote- 
control .system, working on simi- 
lar lines to that on multiple-unit 
trains (s^^page 1301), is employed. 
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Shunt field contactors 



Fig, 8< Diagram of connexions for series motor equipment master 
controller. 


on the succeeding notches ytl^e 
operation of the contactors is coiiii 
trolled by a current-limit, or accele- 
rating relay, as in the automatic 
multiple-unit system. These con- 
tactors, therefore, can close, in 
order, only when the current input 
to the motor is below a predeter- 
mined value. If a full depression of 
the pedal is made after the second 
notch, the vehicle will be accele- 
rated automatically to full speed, 
and the driver will be concerned 


The driver, therefore, has to operate only only with the steering, 
a small master controller. This operation Combined Braking. When rheostatic 

is effected by the foot, and in many braking is employed with series-motor 
cases the pedal is of similar type to the equipments, the braking control is by the 
accelerator pedal on a motor vehicle. same pedal which operates the mechanical 
Main Controller. This is of the con- [e.g. compre.ssed-air) brakes. The initial 
tactor type. The contactors are usually depression of the pedal operates the brake 
of the electro-magnetic type, but the switc’. (which changes over the motor 
electro-pneumatic type forms an alter- circuit to give the braking connexions) and 
native for those buses which have a gives the first step of the rheostatic brake, 
compressed-air braking system. A further movement gives the second 

With series-motor equipments seven step of the rheostatic brake, and still 
or eight contactors are u.sually provided further movement applies the air brake, in 
for starting, field shunting, and rheostatic addition. The two steps of rheostatic 
braking. In such cases reversing is effected braking are so arranged that a 12-ton 
by a manually operated, drum-type, main- bus can descend a gradient of i in 18 at 
current, reversing switch incorporated in speeds between 10 to 15 m.p.h. without 
the master controller and suitably inter- the application of the mechanical brakes, 
locked, A schematic diagram of con- Current Collectors. The current is 

nexions is shown in Fig. 7. collected from the overhead conductors 

With compound- wound (regenerative) by a double swivelling trolley collector, 
motor equipments, usually eight main which is mounted on a structural steel 
contactors are provided for cutting out framework on the top of the bus. The 
the starting resistances, and six auxiliary trolley wheels are of the grooved, swivel- 
contactors for controlling the shunt field ling type, and are insulated from the trolley 
circuit. A schematic diagram of the con- poles, which consist of tapered steel tubing, 
nections is shown in Fig. 8. Pressure between trolley wheels and over- 

The master controller may be arranged head conductors is effected by springs 
to give either step-by-step or automatic and levers at the base of each trolley pole, 
operation of the main controller. In the When swivelling contacts are not fitted 
former case the master controller has a to the bases, the connecting cables extend 
definite number of notches, to which it is direct to the car equipment. In this case 
moved by the pedal. At each notch con- a stop is fitted to the trolley base to 
tactors are energized to give the required prevent a complete rotation, 
circuit conditions. Overhead Equipment. The overhead 

With automatic control the first and equipment on a trolley-bus route must 
second notches of the master controller satisfy Ministry of Transport regulations 
give step-by-step control, as above, but [see page 1288). 

Fig. 9. 

Overhead 
itOfidttctors 
a-way 
^ traffic* 





; Two conductors — one positive and one 
negative — are, of course, required for 
each direction of service, since there is no 
earth return as in tramways. With two- 
way traffic the conductors are arranged 
as shown in Fig. 9. 

The method of suspension and the 
fittings employed follow standard tram- 
way practice. In all cases double insula- 
tion (z.e. two insulators in series) is 
arranged for the positive conductor and 
single insulation for the negative. 

TROUGH FITTINGS. This designation 
is applied to electric-light fittings having 
trough-shaped reflectors. There are three 
main types — showcase, cornice, and shop- 
window trough reflectors. Showcase 
troughs are usually of extremely simple 
design, the reflectors consisting of open 
troughs of parabolic cross-section, usually 
of nickel or chromium-plated sheet metal. 
They may be used with either tubular or 
general service lamps of 25-60 W. Cornice 
fittings are considered under the heading# 

Shop-window troughs are larger than 
the other two and more rectangular in 
design (see Floodlighting). The reflecting 
surfaces consist of a number of ribbed 
mirrors specially disposed to give accurate 
light control, either of the intensive 
or extensive type, the former are used 
for lighting shop windows where the depth 
does not exceed two-thirds of the height. 

The simplest method of wiring is to wire 
each length in parallel and connect to the 
supply by an ordinary lampholder or two- 
pin plug adaptor. See Lighting ; Lighting 
Fittings ; Shop-window Lighting. 

TRUNK FEEDER. Term sometimes 
applied to feeders connecting or inter- 
connecting generating and sub-stations. 
See Feeder. 

TUBULAR HEATER. A low tempera- 
ture heater in which an element operating 
well below red heat is mounted on a robust 
framework within a steel tube of heavy 
gauge. Tubular heaters are made in 
various lengths up to about 20 ft., and are 
suitable for heating rooms and buildings 
where the heat losses are low. They 
usually have a loading of from 40-60 watts 
per ft. run, and may, if so desired, be 
mounted in banks one above the other. 

TUBULAR LAMP. Term applied to an 
^ectric incandescent lamp which^ias an 


V TVNEt) ANODE CIRCUIT 

* ' ' * . 

approximately cylindrical bulb, the length 
of which is large in comparison with the 
diameter. Tubular lamps are always of 
the vacuum type. They may be either 
single or double ended. The filament is 
usually mounted on molybdenum sup- 
ports inserted at intervals in a glass jod 
that runs the full length of tube. In the, 
double-ended type the filament is connected 
at either end to a single contact cap, 
which in most makes is mounted on the 
end of the tube. Where it is desired to 
mount a number of these lamps close to- 
gether, without a break in the line of light, 
lamps in which the caps are mounted on . 
the side of the lamp (see Lamps, Electric) 
are recommended. 

In the single-ended type the two ends 
of the filament are brought out to separate 
contacts on the same cap (as in the general 
service type), which may be either B.C. or 
E.S. Double-ended tubulars are used 
chiefly with trough fittings (g.v.). 

In a recent development, which merits 
notice, the filament is mounted on a 
flexible metal structure, which allows the 
tube to be bent or moulded to harmonize 
with and become an integral part of a 
decorat iv^e scheme. These lamps are 
manufactured in lengths up to 4 ft., and 
have diameters of the order of 30-40 mm. 
They consume from 30-40 watts per ft. run, 
and can for many purposes be used in pre- 
ference to neon tubes, with which in regard 
to first cost they compare very favourably, 

TUMBLER SWITCH. Term employed 
for the quick-break round knob switch 
commonly adopted for domestic lighting 
installations. Consists of a single-pole 
switch controlled by an insulated lever on 
the end of which is the knob. Pressing 
the lever operates the knife contacts 
through a link motion giving the necessary 
quick action. See Switch. 

TUNED ANODE CIRCUIT. A circuit y 

arrangement much used in connexion with ' 
valves operating at radio frequencies, parr 
ticularly in the coupling of a high-frequency 
amplifying valve to a succeeding valve. 

In the diagram the coil L and the con- 
denser C comprise a tuned circuit con- 
nected in series with the anode of the valve. 
The impedance of the circuit is greatest at 
the resonant frequency, being L/CR ohms, 
where R is the effective high-frequency 
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resistance of 
the coil. This 
maximum im- 
pedance is 
called the 
“ dynamic re- 
sistance " of the 
tuned circuit. If 
Ra is the anode 
A.C. resistance 



o— -j -HT 

TUNED ANODt CIRCUIT. The 
basic connexions. 


of the valve and m the amplification factor, 
the voltage magnification obtained at the 
resonant frequency 


I 

(namely = cyclers per second), 

27r ^/LC 


is ML/ (L+CRRJ. 


For applications of the circuit in ampli- 
fiers, see Anode Coupling; High-Fre- 
quency Amplification. 


TUNGSTEN. One of the metallic 
elements. Its chemical symbol is ^\^ and 
atomic weight 184. It is a hard, grey, 
brittle metal with the high melting point 
of 3.300° C. 

Tungsten is largely used as an alloy to 
increase the hardness of steels, and drawn 
into a fine wire is used in the manufacture 
of incandescent lamp filaments to the 
exclusion of all other metals as described 
under the heading Metal Filament. It also 
forms the filament of the Tiingar rectifier 
and the electrodes of the tungsten arc. In 
the Pointolite lamp tungsten is used, and 
it is also used as the filament in the Flem- 
ing oscillation valve. Thoriated tungsten 
filaments give off electrons to a much lower 
temperature than ordinary metal filaments, 
and this fact forms the basic principle ol 
the dull emitter valve. See also Lamp; 
Valve, etc. 


TUNNEL WINDING. An obsolete form 
of armature winding in which the con- 
ductors were entirely buried in the iron 
core, lying in holes within its mass. The 
iron channels were lined with tubes of 
micanite, press-spahn or similar insulation, 
and the insulated conductors drawn in. 
The centrifugal forces on the conductors 
were not as great as with smooth-core 
armatures (g.v.), but winding difficulties 
and lack of ventilation were disadvant- 
ages which could not be overcome. See 
Slotted Core Armature ; Smooth Core 
Armature. 


TURBO-ALTERNATOR. 5 ^^ Alternator. 


TURBO-CONVERTER. See Converter. 

TURBO-DYNAMO OR GENERATOR. 

See Generator. 

TURNTABLE. See Gramophone 
(Electric) and Radio-Gramophone. 

TWISTED SLEEVE JOINT. The method 
of jointing stranded cables by twisting 
the separate strands is described in detail 
under the heading Joints and Jointing 
(g.v.). For larger cables and particularly 
lor aluminium conductors, a similar method 
of jointing is employed, in which a sleeve 
is drawn over the overlapping ends of the 
cables lo be jointed and the whole 
twisted to form a strong mechanical joint. 
The slce\'e is cither tinned copper or 
aluminium according to the conductors 
concerned, and is sweated up solid after 
twisting, bringing the solder well over the 
joint between the sleeve and the cable at 
either sid? as well. 

TWO-CORE CABLE. Also termed twin 
cable, contains two insulated cores not 
arranged concentrically. They may be 
laid alongside each other or twisted to- 
gether according to the flexibility required. 
It is extensixely employed for house 
wiring and also lor D.C. power supply. 
Sec Cable. 


TWO-PART TARIFF. With this the 
charge for an electricity supply is made up 
of two parts. One is always the kilowatt- 
hours consumed. Tlu' other may be the 
kilowatts ol maximum demand. As this 
can only be measured by a ratlier expensive 
appliance some figure forming a rough 
guide to it is adopted lor domestic con- 
sumers and other small supplies. This 
is, for instance, the number of points, 
number of lamps, floor space, rateable 
value of the piemises. 

The advantage of a Iwo-jxirt tariff is 
that it represents more accurately the 
actual cost to the supply undertaking 
than docs a flat rate (g.v.). While the kilo- 
watt-liour charge should cover chiefly 
the cost of coal, it must also contain 


certain other items which vary with the 
number ol units supplied. TIic.se are, for 
instance, oil, water-stores, a proportion 
of repairs and maintenance costs and a 
.small part of the wages bill. To these 
items the supply undertaking must add 
figures lor certain costs’ occurnng out- 


side tj^e generating 


stations, such as 
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something to cover ohmic losses in trans- 
mission and distribution, and a margin for 
profit. We thus arrive at a figure which 
will vary between about 1/5 of a penny to a 
large bulk consumer and about fd. for a 
householder. The kilowatt charge must 
cover the cost of interest on capital, a 
reasonable rate for depreciation, manage- 
ment, most of the cost of wages and 
salaries, a portion of the expenditure on 
repairs and maintenance and a small part 
of the coal bill to cover tlic cost of banking 
files. A rough average charge j)cr kilowatt 
rnaximurr^ demand to a large consumer is 
£4. per year. See 'I'ariff. 

TWO-PHASE. Term used to denote 
a system in which tfiere are two alternat- 
ing voltages displaced in phase by 90° or 
one quarter of a ])eriod. 

In place of a single coil rotating 
between the pok‘s of the held magnets to 
generate a single-phase alternating volt- 
age as described under J£lectro-Magnelic 
Machines {q.v.), two similar coils fixed at 
right angles to each other, rotating with 
constant velocity in a unitorm lield, will 
have h^.M.F.’s induced in them, sinusoidal 
in character, and of the same maximum 
values and frequency. The maximum 
values in the two coils, how^ever, will be 
attained at different times and, in fact, 
one sine wave will lag behind the other 
by a quarter of a period. This is the 
fundamental principle of two-phase gener- 
ation. See also Single-Piiase ; Three- 
Pha.se. 

Methods of distribution of tw’o-pha.se 
supply will be found discuss(‘d under the 
succeeding articles on Tw'o-Phasc JT)ur- 
Wire System ; Two-Phase Tliree-Wire 
System, etc. 

TWO-PHASE FOUR-WIRE SYSTEM. 


supply the old lighting circuits, but 
combined for power purposes. This 
method of effecting the change from single 
to polyphase supply has much to recom- 
mend it, for, if necessary, one set only of 
the coils of the two-phase machines may 
be used at first to supply single-phase 
current to the old network, and the other 
phase gradually loaded up until balance 
is obtained. Each motor is, of course, 
connected to both phases, in which case 
it will tend to balance the loads by draw- 
ing most power from the lightly loaded 
side. The economics resulting from the 
use of the two-phase four-wire system are 
further discussed under the heading Four- 
Wire System 

TWO-PHASE THREE-WIRE SYSTEM. 

An alternating current system of supply 
in which three conductors are employed, 
one of which acts as a common return. 
An alternating difference of potential 



TWO.PHASE SYSTEMS. Figs. 1 and 2. Comparison 
of 3-wire and 4-wire distribution. 


A system of ahernating current supply in 
which the two phases are maintained en- 
tirely separate with two conductors per 
phase. The alternating difference of 
potential between one ]^air of conductors 
differs in phase by 90" from the difference 
of potential maintained between the 
other pair. * 

In England this system has only been 
used to a very limited extent, but, in .some 
cases, stations which originally supplied 
only single-phase alternating current have 
been equipped with two-phase machines, 
and the two phases used separately to 


displaced in pha.se by one quarter of a 
period is maintained between this common 
return and each of the other two conduc- 
tors. 

This system is not so economical as the 
two-phase four-wire system with the 
centres of both phases earthed, for equal 
voltages to earth. For equal current 
densities it requires the same amount of 
copper as the corresponding three-phase 
three-wire system, whilst for equal effici- 
encies it requires 75 per cent, of the copper 
in the latter system. See Three-Wire 
System. 
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TWO-RATE METER. An integrating 
supply meter equipped with two separate 
registers and an electrically operated 
mechanism whereby the rotor of the meter 
can be geared to either of the registers at 
* will by the control of tlie change-over 
mechanism. Two-rate meters are used in 
connexion with the two-rate tariff, in 
which the units consumed during the 
hours of peak demand are charged for at 
a higher rate than those used at otlier 
hours of the day. Tlie change over of the 
meter mechanism, whereby the units used 
during the peak hours are recorded on the 
“ high rate register, and those used at 
other times on the low rate ” register, is 
made by means of a time switch control- 
ling the supply to the solenoid which 
operates the change-over mechanism. 

TWO-WATTMETER METHOD. The 
standard method of measuring power or 
energy in a three-phase three-wire circuit, 
by means of two wattmeter elements, 

. which are either 
in separate cases, 
or are combined 
in one case to 
give an indica- 
tion or registra- 
tion correspond- 
ing to the total 
power or energy 
in them. The 
connexions o f 

two wattmeters two- wattmeter method. 

, - , The schematic lay-out. 

m a three-phase 

circuit are shown in the accompanying 
diagram. It is seen that this connexion is 
"exactly the same as that of two meters 
used for measuring the energy in a direct- 
current three-wire circuit. The accuracy 
of the method for three-phase circuits can 
be understood, without mathematical de- 
monstration, by recollecting that, at any 
instant, a three-phase circuit and a three- 
wire D.C. circuit are inherently identical 
in character. The total instantaneous 
torque on the wattmeters in the three- 
phase circuit thus corresponds to the 
total instantaneous power, and the 
smn of the deflections of the wattmeters 
'gives the total average power in this 
circuit. 

TWO-WAY SWITCH. Various forms 
of tumbler switches have been devised 

; iNfil the requirements of different 
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TWO-WAY SWITCH, 
wiring connexions. 


The 


methods of control Most of these are 
also used on one side of the supply circuit 
only, so that the danger of short-circuiting 
the main supply does not arise. 

By far the most widely used of these 
special switches is the " two-way switch, 
which allows a branch circuit to be con- 
trolled from two 
points which may 
be fairly distant 
from one another. 

The connexions of 
switches of this 
type are shown dia- 
grammatically on 
the right. The incoming main X is attached 
to the terminal T^, which is electrically 
connected to the near sides of the contact 
jaws of the breaks A and B, the far sides 
of the jaws being connected respectively to 
the terminals Tg and T3, to which the out- 
going leais y and z are attached. There 
are two bridge pieces a and b, swivelling 
on a central axle and movable simultane- 
ously by the same mechanism, in such a 
manner that when a closes the gap A, b is 
clear of the gap B and vice versa. Both 
bridges are shown above in the inter- 
mediate position with both gaps open, 
and some switches can be placed in this 
position. More usually, however, the 
switch can only be left hard over on one 
side or the other, and it is easier to secure 
the quick make-and-break when this is 
the case. See Intermediate Switch ; 
Strapping Wires ; Switch ; Wiring, elc. 

TWO-WIRE SYSTEM. A supply system 
employing two conductors between which 
the load is connected for direct current or 
for single-phase alternating current, one 
conductor being the lead and the other 
the return. In it all utilization devices 
are connected in parallel with one another. 
It is regularly employed in practice for 
supplying public lighting, for tramways 
and railways, and for small systems of 
supply and to private consumers. 

For lighting incandescent lamps, steadi- 
ness of voltage is of the first import- 
ance. For arc lamps the same degree of 
steadiness is not demanded, while for 
power users (motors in factories, on tram- 
cars, etc.) the permissible variation is, 
much greater. The generators are, in 
consequence, arranged to give a constaiit! 




ULTRA-SHORT WAVE 


voltage with vatying current, or even 
; to give slightly increasing voltage with 
increasing current, so that at higher 
currents the increased drop in the cables 
may be properly compensated for, and 
the consumer thus given a constant 
pressure. 

It can hardly be too strongly em- 
phasized that what is called a constant 
pressure is in reality only constant within 
definite limits, generally 6 per cent, of a 
declared value. The system demands a 
very heavy expenditure on copper as 
compared with a series distribution of the 
same power, but the circuits are safer 
than the series, owing to the employment, 
as a rule, of lower pressures. 

The system is employed with both 
alternating and continuous currents, and 
the pressures are classed under cither 
low tension,'* or high tension," or 
extra-high tension." " Low " tensions 
range from o to 250 volts, " medium " 
from 250 to 650 volts, " high " from 650 
to 3,000 volts, and " extra-high " from 
3,000 volts upwards. See Direct Current ; 
also Three-Wire System. 

U LTRA-SHORT WAVES. Radio waves 
less than about 15 metres in length, 
differ in their behaviour from 
longer waves in that they are not reflected 
by the ionized layers of the upper atmo- 
sphere. Thus transmission from sending 
station to receiver can only be effected by 
the direct ray. 

As it is found that these very short waves 
are rapidly attenuated by semi-conducting 
bodies in their path they do not follow 
the curvature of the earth’s surface, and 
it is a general rule that reception can only 
be obtained at " optical " distances, that 
is, over a distance where the waves can 
travel in uninterrupted straight lines 
between transmitter and receiver. Con- 
sequently the range is limited to a few 
miles only at the earth’s surface. A 
promising field of usefulness undoubtedly 
lies in ultra-short wave communication 
between an aeroplane and the ground, 
where “ optical " distances increase with 
the altitude of the machine. 

The technique of television transmission 
calls for ultra-short waves, and so practical 
development in this direction is a matter 


of importance for the continued progress 
of television. 

The generation of the very high fre- 
quencies representing ultra-short waves 
presents no insuperable difficulties, and 
the transmitting aerial system can be 
designed to give directional transmission 
with comparative ease. 


The conditions at the receivet are 
generally more difficult than at longer 
wavelengths, not only on account of the 
high frequencies involved but also due to 
the fact that nodes and antinodes of 
current are liable to occur in the receiving 
aerial system. As the tuning capacity is 
varied the position of a node changes its 
position along the 
aerial, and when it 
occurs at the 
point where the 
inductance coil is 
connected, no 
reception is pos- 
sible, the partic- 
ular position on 
the tuning con- 
denser being 
known as a 
“ blind spot/' 
This condition is 
illustrated in dia- 
gram (a), where 
horizontal d i s - 
tances between 
the curve and the 
vertical line of the aerial represent the aerial 
current at various points. 

On the other hand, an antinode may 
occur at the coupling coil as at (b) giving 
maximum sensitivity, the tuning point on 
the condenser being a " sensitive spot." 
The blind spot can be shifted by con- 
necting a coil or condenser in series with 
the aerial. 



ULTRA-SHORT WAVES. 
Current distribution in the 
aerial. 


The methods of reception used for 
ordinary short wavelengths can be applied 
successfully to wavelengths down to about. 
7 metres, the well-tried reacting detector 
circuit being particularly satisfactoiy. 
But for lower wavelengths very special 
precautions have to be taken to reduce the 
effects of stray capacity. All components 
must be as small as possible, and all 
connexions (except valve grid and anode) 
to the actud oscillatory circuit should 
made at points of zero H.F. potent^l, ' 
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ULTRA-VIOLET LIGHT APPARATUS 

By E. H. W, Banner, M.Sc., A.M.I.E.E., F.Inst.P. 

Here one of the most modern applications of electricity is outlined from all its 
aspects, medical, industrial and general. The theory is authoritatively 
explained, the apparatus is described and a special section is devoted to 
problems of installation and maintenance. See Angstrom Units ; Light ; X-Rays. 


The term " light " usually means visible 
light ; rays that are outside the range of 
vision are, of course, invisible, but generally 
tliere are visible rays also, so that whilst 
ultra-violet rays themselves are not seen 
they are usually associated with visible 
light. Thus, any lamp generating ultra- 
violet light also generates visible light, 
and for occasions when visible light also 
is not required these visible ra^^s have 
to be filtered out. 

The term “ ultra-violet rays is com- 
monly used and is correct if not to be 
confused with violet rays.'' These latter 
“ rays are entirely different and are really 
an accidentally produced fluorescence due 
to high-frequency currents. The merit of 
this latter application is entirely in the 
high-frequency current and the violet 
glow is of no consequence other than 
showing that the apparatus is working 
correctly. 

Position in the Spectrum. Visible light 
extends from the violet to the^red, cover- 
ing wavelengths of from 3,969 A to 6,563 A 
(A or A.U. is the Angstrom unit (q.v.) and 
equals lo*^® metre so that light wavelengths 


are of the order of a third to two-thirds 
of a millionth of a metre). Ultra-violet 
rays therefore are of lower wavelength 
than 4,000 A and extend to about 1,800 A. 
This band is divided into two parts and 
comprises the “ near or long- wave rays 
and the “far" or short-wave rays. The 
“ near " rays arc those near the visible 
rays whilst the “ far " rays border on 
X-rays. 

])iffercnt types of lamp produce different 
kinds of radiation ; no one lamp will 
produce either type of rays at will. The 
ultra-violet accompanying sunlight is 
chiefly the near rays as the long waves 
are absorbed by the air, particularly 
impure air which is normal except on high 
snow-covered mountains. 

The wavelength and the frequency of 
all radiations are related in a well-known 
way ; for electro-magnetic radiations, 
covering wireless, heat, light, X-rays, etc., 
the relation is frecpiency x wavelength 
= velocity of light. Thus the longer 
the wavelength the lower the frequency. 
For electric supplies at 50 cycles per 
second, the standard frequency in this 
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ULTRA-VIOLET LIGHT APPARATUS. Fig. 1. The relative spectra of various forms of illuminants, showing 
the proportions of radieted energy emitted in the ultra-violet section. The sun is seen to be comparatively 

deficient in ultra-violet radiation. 
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country, the wavelength is 6 million 
metres, whilst the ultra-violet range is of 
the order of lo^^ cycles per second. 

Physical, Chemical and Biological Effects. 
When ultra-violet light falls on a sub- 
stance various effects may lake place. 
The molecules of which the substance is 
composed may be disintegrated and a new 
physical condition result. 

Photo-electricity, fluor- 
escence and piiosphor- 
escence are cxainjflcs of 
physical changes that 
may occur ,diic to ultra- 
violet light. Chemical 
changes take jflacc in 
some substances so that 
the general appearance 
and constitution may be 
altered and apparent 
either to the eye or by a 
chemical analysis. The 
rays also alfect a photo- 
graphic plate — anot her 
chemical effect. The tliird 
type of change is the 
biological, or the effe('t 
on the human body. 

Sunburn is a common 
example of biological change due to 
ultra-violet light, usually from prolonged 
exposure to sunlight. Exactly similar 
results are obtained by ultra-violet light 



Fig. 3. Reflector and burner of " Alpine Sun ” lamp. 

Uiilish Jluunria Quaitz Jump Cv . JAd. 


artificially generated, but much more 
pronounced, due to the higher efficiency 
of generation, which is local and not 
passed through a considerable thickness 
of the atmosphere. 

Near and far ultra-violet light have 
different effects on the body and in 
general are used for different purposes. 
Like most things, ultra-violet rays are 


beneficial if correctly applied and con- 
trolled and harmful if carelessly used. 

< Correct doses of ultra-violet light of appro- 
priate wavelength may be administered 
to anyone as a general tonic, in the same 
way as sunshine is beneficial if used 
intelligently. On the other hand, other 
rays are harmful if not administered by 
an experienced worker 
who is necessarily a 
doctor experienced with 
ultra-violet light. Either 
experience without the 
other is dangerous. 

For a general tonic the 
near or long-wave radia- 
tion is used (this is nearest 
to sunlight), and for local 
treatment (or therapy, as 
it is termed) the far or 
short waves are required; 
The long waves are 
absorbed by the cells of 
the body so that in 
general only outward 
effects are produced by 
such radiation. For 
specific troubles such as 
treatment of wounds and 
tubercular conditions doses of short-wave 
ultra-violet light are beneficial, but care 
is needed in their administration. 


Ultra-Violet Apparatus 

U.-V. Lamps. Two general types of 
lamp are in common use ; arcs in air 
and arcs in mercury vapour. As has 
been stated, no one type of lamp will 
produce every wavelength required, so 
that for various purposes different lamps 
arc used. A further consideration, apart 
from the economic one, is that of supply 
^-D.C. or A.C. 

Arcs in air are usually between carbon 
electrodes. {See Arc Lamp.) The 
amount of ultra-violet which is generated 
in addition to the visible light depends on 
the amount of various salts impregnated 
in the carbons. Plain carbons produce 
light very similar to daylight, whilst the 
inclusion of a core of nickel generates a 
greater proportion of long-wave ultra- 
violet light. Tungsten-cored carbons gen- 
erate shorter waves and so are of use for 
surgical or local therapy. 
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ULTRA-VIOLET LIGHT APPARATUS. Fig. 

lamp burner from Fig. 3. 

BHttuh Ilunoi m Qunriz Lntnp t't> , f.M 

With all carbon arc.s a con- 
siderable amount of heat is 
generated also. Such arcs 
require about 5 to 20 amp- 
eres with a volt drop of about 
60 volts, and it is possible 
for two or more to be run in 
series so as to reduce the loss in series 
resistance. Some resistance is necessary, 
.however, to maintain the arcs stable. 
Starting an arc with no resistance 
series would quickly blow the fuses as 
the result is practically a short circuit. 
Arc lamps may be hand-fed or automatic 
as explained under the heading Arc Lamp. 

Another type of lamp is the tungsten 
arc. In this lamp pure tungsten elec- 
trodes are used and- the arc will only 
operate on D.C., unlike the carbon arc, 
which will work equally on D.C. or A.C. 
Tungsten arcs produce more far or short- 
wave radiation than do carbon arcs and 
so are of more use for local or surgical 
, therapy. Other metal electrodes generate 
ultra-violet light also and will only run 
on D.C. 

Quartz Mercury Vapour Lamp. The 

third and probably the most important 
type of lamp is the quartz mercury vapour 
lamp. This consists of a quartz tube 
(which is usually evacuated of air) and 
the arc is drawn out in mercury vapour, 
giving it a greenish colour, and having 
very little heat rays. This type of radia- 
tion is sometimes termed " cold light " for 
this reason. The light contains some 
long-wave rays, but is extremely rich in 
short waves, and so is in considerable use 
for local therapy for particular ailments. 
The quartz tu^ is necessary, as it is one 
of the few materials that is transparent 
to ultra-violet light of short wavelengths. 

Usually the quartz tube is sealed and 
ev^cuat^, but some lamps have the tube 


Fig. 4(b) (above). Diagram of 
Fig. 4 (a), In correct burning 
position. Fig. 4 (c) (below). 
Burner in starting position. 


Fig. 4 (c) 



FFuse 
S.Swiich 
Rh RheostaU 
R'Primary 
R Resistance 
Re. ReactanceCoil Sec I 
PL Plug to line supply 
Sec. Secondary of 

Transformer 


Figs. 4 (e & f). 

D.C. 


Wiring connexions for the burners on 
and A.C. supply systems. 


open to the air. Mercury vapour is still 
the conducting medium between the 
electrodes, however. The lamp is slightly 
different for A.C. or D.C. Some heat is 
necessarily generated, and at the ends 
of the tube are fins for radiating heat. 
The quartz burner is fragile and great care 
has to be taken in transit as the mercury 
is heavy and is liable to break the tube 
on being rapidly tilted. The atmospheric 
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type has the advan- 
tage that, as it is not 
sealed, the mercury 
may be removed for 
transport. On the 
other hand the mer- 
cury oxidizes in the 
air and in general 
the evacuated and 
sealed type is better. 

With both types the 
quartz is subject to 
discoloration with 
time, leading to a 
loss in the "amount 
of transmitted ultra- 
violet light. 

A further type of 
ultra-violet lamp, not 
much used in this 
country, is the cad- 
mium quartz lamp. 

This is somewhat 
similar to the mer- 
cury vapour lamp, 
but contains a small quantity of cadmium 
which is solid when cold and vaporizes 
after switching on ; no tilting is necessary 
to start. It is only supplied for operation 
on 220 volts A.C. and can replace a mercury 
vapour lamp for many purposes. The 
light is rich in long-wave ultra-violet light. 

Incandescent Lamps. Some incandescent 
lamps are advertised as being ultra-violet 
lamps. This is true only to a limited 
extent as the glass bulb, although of 
special glass, is by no means as trans- 
parent to ultra-violet light as is quartz. 
The ultra-violet light is obtained by over- 
running the filament so that the life is 
very short. They are of some use for 
general or constitutional therapy and may 
be run for long periods near the body 
without special precautions. 

Costs and applications 

Apart from the question of the most 
suitable radiation, the questions of costs 
arise. Costs are of two kinds, initial and 
running costs. 

Included in initied costs is the question 
of life as replacements have to be provided. 

Costs : Carbon Arcs. Initialcost lo tO;f4o, 
depending on hand or automatic feed, and 
on size (5 to 20 amperes). Running costs : 
carbons about 3d. per hour ; current with 


20 amperes and 60 
volts about 3d. per 
hour, total costs say 
6d. per hour. If the 
supply is A.C. a 
transformer is re- 
quired, whilst if D.C. 
and only one arc, a 
series resistance will 
absorb most of the 
voltage ; on 230-volt 
mains it will waste 
170 volts and so 
increase the total 
running cost to about 
IS. 3d. per hour. 

The use of three 
arcs in series there- 
fore docs not increase 
the cost for current, 
but it does increase 
the carbon replace- 
ment cost. For a 
single lamp on D.C. 
a motor generator 
is an alternative, but not common on 
account of its high first cost, although it 
does reduce the running costs. The cost 
of carbons varies with the impregnation 
and, although an approximate average is 
given, the different costs for plain iron, 
or nickel core and tungsten core vary 
approximately as 1/1J/4. A maximum 
output of ultra-violet occurs when the 
positive carbon is at the bottom and with 
a long arc so that the volt drop is high 
and the watts are a maximum. 

Costs : Tungsten Arcs. The usual 
current is 5 amperes and the volt drop 
60 volts, but being D.C. there is a high 
resistance loss ; this is approximately id. 
to 2d. per hour. Tungsten electrodes are 
expensive and burn about | inch each 
per hour. The electrodes cost about 
2s. 6d. per inch so that the replacement 
cost is about 3s. qd. per hour and the 
total running cost about 3s. lod. per hour. 
As the current cost is small compared with 
the replacement cost the use of a motor 
generator for reducing to 60 volts D.C. is 
not economical, series resistance being 
usual unless several are operated in series. 

Costs : Mercury Vapour Lamps. Initial 
costs are fairly high — £20 to £50 ; the 
replacement cost must be considered as 

U4 



ULTRA-VIOLET LIGHT APPARATUS. Fig. 6. 
Mercury vapour analytical lannp, for scientific and 
comnr>ercial use. 

British Ilanovta Quartx Lamp Co., Ltd. 
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the life is about i,ooo hours, due to dis- 
coloration, and after this period the 
amount of ultra-violet lif^ht transmitted is 
considerably less than when new ; this 
is about /q. Thus it may be con- 
sidered to be 2d. to 3d. per hour. Current 
costs are based on consumptions of from 
220 to 1,000 watts and may be called id. 


passed so that viewing such minerals by 
the true ultra-violet light they become 
visible but entirely different from the 
daylight appearance. 

If the light is to he viewed, goggles 
must be leorn as such light is harmful 
to the eve. 


to jd. per hour. Thus 
the total running costs 
become about 4d. to bd. 
per hour. This type of 
lamp is therefore the 
cheapest in running costs 
and is in most general 
use for professional pur- 
poses, i.e. surgical, chemi- 
cal, and other industrial 
work, as apart from 
occasional use or for 
general therapy where a 
carbon arc generating 
“ near ultra-violet is 
sufficient. 



'I'liis is always neces- 
sary for therapy, where 
the ])atient and operator 
need to wear the correct 
goggles as supplied by 
the lamp maker. 

Some oi the industries 
in which ultra-violet light 
auLilysis is regularly used 
are as follows : Food- 
stuffs : sugar and jam ; 
brewing ; eggs ; wines : 
Ilnur iind seeds ; oils and 
tats ; cheese, etc. Police 
VNork • detection of blood, 
etc.; examination of 


Applications. Wdiilst 
the use of ultra-violet 


ULTRA-VIOLET LIGHT APPARATUS 
Fig. 6. A tonsil irradiator in operation. 

liriti'ih Uanavui Onutt. lamp (Jo , Ltd 


light in therapy, both general .ind local, IMedical, olhei 


papers lor secret writing. 
Drugs and chemicals, 
than therapy treatment: 


has been mentioned, other use.^ are of diagnosis ot various skin diseases ; ex- 


equal importance, chiefly in industry, amination of lood for contamination 
Analysis of various foodstuffs and mat erials from metal vessels, etc. Philately, 
is a definite held, as is also the examination Metallurgical • slags, ceramics and gla.ss- 


of pictures, bank notes, etc., for forgery, ware properties. Tanning and paper 
If a picture is overpainted with a second manuf.icturc. Textiles. ('olours and 
picture ordinary light will not show the varnishes. Rubber : analysis and ageing 
under picture, but the application of by exj>osure. P'uel oils. 


ultra-violet light 
will do so (as also 
v/ill X-ray.s), par- 
ticularly if the first 
painting is very old 
and painted with 
pigments now not 
in use. Documents 
suspected of forgery 
are also examined 
in the same manner. 

Minerals fluoresce 
with colours en- 
tirely unsuspected 
and a valuable 
method of identity 
and analysis results. 
Analytic lamps of- 
ten have a light 
filter by which no 
visible rays are 



Fig. 7 (a and b). Photograph of fossil (a) in daylight ; (b) in ultra-violet radiation. 
UnUnh Uanovia Quartz Lamp Co., Ltd. 


1346 



ULTRA-^VIOLET LIGHT APPARATUS 


INSTALLATION AND MAINTENANCE 

The provision of wiring and control 
gear for ultra-violet lamps is a non- 
specialized job that may be required of 
any electrician. The chief points to be 
considered are (i) whether the lamp 
requires D.C. or A.C. ; (2) whether more 
than one arc in series on D.C. or with a 
transformer for A.C. ; (3) total consump- 
tion in amperes required from the mains ; 
(4) whether the supply mains available 
at the point required arc suhicient for the 
load. 

1 1 the lamp, of whatever type, is 
supplied for J^.C'. only, then it must be used 
on D.C. If D.C. mains are not available 
either a motor generator, rotary converter 
or static rectifier must be employed. If 
one of these is used the approximate 
running periods of tlic lamp should be 
ascertained, as if only very short periods 
are required it will be possible to install a 
smaller machine, or rectilier than is 
necessary for continuous operation. 

A.C. mains are now common so that it 
is likely that an A.C, lamp with a trans- 
former will be used. In this way the 
current from the mains will be appreciably 
less than the lamp current, and will often 
be not more than i kilowatt. Wiring for 
such loads is quite straightforward and 
no more expensive than “ power wiring 
in a house. A double-pole swatch and 
fuses, preferabl}^ of the sell-contained 
mctal-clad pattern, are advisable, and the 
flexible lead should be kept as short as 
possible. The question of earthing the 
metiil stand of the lamp is not generally 
agreed upon and the same considerations 
apply as to earthing any other apparatus 
in a house or consulting-room, 

l^sually no ammeter is included in the 
circuit, but with some lamps this is 
advisable. Special lamps having a higher 
intrinsic brilliancy, i.e. a higher candle- 
powTr per unit area of the source, are 
used for some analytical and industrial 
purposes, and these are rather more tricky 
to operate than the ordinary mercury 
vapour lamp. In one lamp the starting 
current is about 4 amperes, but when hot 
and working normally, the current must 
not exceed 3-5 amperes. The use of an 
ammeter and rheostat is therefore neces- 
sary in such cases. The ammeter should 
be of first grade accuracy, but may be 


quite small — and a 2^-inch instrument is 
suitable. If for A.C., it will be of the 
moving-iron type, and if D.C., moving-coil. 

Lamps requiring several kilowatts are 
unusual, but may be encountered in large 
hospitals and clinics. Alternatively, a 
number of small or medium-sized lamps 
may be run in adjacent rooms from one 
set of mains and main switch. Should 
the total load be about 5-10 kilowatts it 
is necessary to ensure that the cables 
are sufficient for the load, and that they 
connect to suitable mains. For example, 
it is useless running cables for, say, 30 
amperes to a distribution board only 
designed for 15 amperes per way. Cables 
must extend back to suitable mains. 

There is anotlicr reason for this, and 
that is that switching on and off a heavy 
load causes a voltage change in other 
apparatus on the s^ime mains so that an 
objectionable flicker is caused. If X-ray 
apparatus is operated on the same mains 
the fluctuation caused by switching on or 
off lamps may seriously interfere with 
good results from the X-ray set, due to 
uncontrolled voltage changes. 

Power factor may be ignored on A.C. 
lamps as the load is resistance-controlled 
and so nearly unity. If reactances were 
used for voltage reduction, then there 
would be a discrepancy between the size 
of cables necessary for the current and 
the watt rating of the lamps. 

Some lamps intended for local therapy 
are water-cooled so that the lamp may 
be placed very close to the patient. Some 
of these lamps have their owm circulatory 
system ; others need connexion to a 
w^ater supply. It is essential to ensTire 
that the water supply is adequate and 
as instructed by the makers, and that it 
is turned on first and off last. 

Faults and Maintenance. Little can be 
stated under this heading as many of the 
lamps arc proprietary and should be 
returned to the maker on a defect occurring 
so as to keep within the guarantee of 
performance. Faults that may arise, 
other than breakage, include mechanism 
faults on arc lamps of the automatic feed 
pattern. The coils may have developed 
shorts or open circuits and should be 
tested and rewound, if necessary. Car- 
bons need replacing and the correct size 
and grade of carbon should be used. 
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If any suspicion arises that a mercury 
vapour lamp is less bright or the results 
are less noticeable, the working period 
should be estimated. If the period is of 
the order of i,ooo working hours, then as 
much life has been obtained as can be 
, expected, and a new burner is required. 
The possibility of poor output due to 
low voltage or damage due to high voltage 
should not be forgotten, and a test made 
with a voltmeter or ammeter. 

Interference. Interference to radio sets 
caused by ultra-violet lamps is slight, as a 
rule, unlike some other electro-medical 
apparatus such as high-frequency (violet- 
ray), hair dryers, small vibrating and 
rotating machinery and parts. If a 
rectifier is used to convert A.C. to operate 
a D.C. lamp more trouble may be expected 
than if a lamp is run directly on the mains. 

Interference can be overcome by screen- 
ing, particularly if the apparatus is in a 
metal case which may be earthed. Where 
screening is not practicable the simplest 
way is to connect a 2 m F condenser from 
each line to earth, preferably through 
fuses. In rare cases chokes in series with 
each lead may be necessary. 

UNBALANCED LOAD. When the 
loads connected to the two sides of a 
three- wire system or in the three branches 
of a three-phase circuit are unequal, 
several undesirable effects result. In the 
first place, an increased rating of mains 
and transform- 
ing plant is 
required, the 
negative s e - 
quence currents 
flowing in the 
return repre- 
senting energy 
loss analogous 
to the wattless 
components of 
current in a 
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cuit. Secondly, co'l» ; Vao., voltage colls, 
the rotating machines in the circuit sacri- 
fice efficiency in their inherent tendency to 
restore phase balance. Thirdly, complica- 
tions arise in the measurement of the power 
quantities in the circuit, separate watt- 
meters being connected in each phase, or 
two wattmeters are employed, combined in 
a single instriiment and connected to the 


phases in such a way as to give the total 
power in a single reading, as shown in the 
diagram. Accordingly all supply com- 
panies take steps to see that the loads on 
their mains are balanced, requiring large 
consumers to arrange for correct balancing 
on all new or altered installations. See 
Balanced Load. 

UNDERGROUND CABLE. See Cable. 

UNDER-VOLTAGE CIRCUIT 
BREAKER, RELAY, etc. See Minimum 
Circuit Breaker, etc. 

UNIT OF ELECTRICITY (SUPPLY). 

Otherwise known as the Board of Trade 
Unit (q.v.), the unit is equivalent to 1,000 
watts per hour or i kilowatt hour. 

UNIT(S). The development of the 
science of electricity involved the adoption 
of some means of numerical specification 
of the quantities, and various systems of 
units w'ere therefore introduced. 

The first step was towards the expres- 
.sion of the electric and magnetic quan- 
tities in terms of length, mass and time ; 
that is in terms of centimetres, grammes 
and seconds, the so-called C.G.S. system 
which had served so well for ordinary 
mechanics. 

These units were unsuited for practical 
use, however, and the more workable 
International Units were therefore 
introduced, employing standards of com- 
parison in actual physical constants for 
the volt, ampere and ohm. Secondary 
and tertiary units such as the coulomb, 
the watt, the gauss, the maxwell, the 
henry, etc., were then developed from 
these standards, and will be found dis- 
cussed in this work under their respective 
headings. 

Other units employed in this encyclo- 
pedia, though not neces.sarily of electrical 
derivation, will be found discussed under 
the following headings : Absolute ; Ang- 
strom ; Board of Trade ; British Thermal ; 
C.G.S. ; Decibel ; Electro-Magnetic ; Fun- 
damental : International ; Practical, etc. 

UNIVERSAL MOTOR. An electric 
motor which will operate satisfactorily 
with D.C. or A.C. of any commercial fre- 
quency and with \'oltages varying over a 
wide range. The motor is also known as 
the single-phase series motor. When oper- 
ated with A.C. it runs at a speed which is 
independent of the frequency of the supply. 
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UNIVERSAL MOTOR. Fig. 1. A, direction of field 
magnetism ; B, direction of armature magnetism ; C, 
direction of rotation. 


This type ol motor has the obvious 
advantage that it can be connected to any 
type of supply, and is therefore widely 
used for such domestic purpo.ses as 
vacuum cleaning. 

When operated with D.C. the motor 
behaves exactly like a D.C. .series motor. 
The current circulates through a field 
winding and an armature winding which 
are connected in series with each other. 

The armature is similar to that of a 
D.C. machine. The magnetic effects of 
the field current and the armature current 
are at right angles to each other, and the 
armature therefore exerts an effort to set 
Its magnetism in line with that of the field. 
As in the case of the D.C. series motor, the 
direction ol the driving force is indepen- 
dent of the direction of the current. This 
is illustrated in Fig. i, which shows a 
scliematic diagram of the main field and 
armature. If the current is reversed 
both the arrows representing magnetism 
are reversed so the armature still exerts 
a turning force in the same direction. 

If the direction of tlie current is 
changed at regular intervals the motor 
will go on running in the same direction. 
It will therefore rotate with alternating 
current. 

An ordinary D.C. series motor would 
not give satisfactory operation with A.C. 
because the solid iron poles would have 
eddy currents induced in them b> the 
pulsating field ; also the power factor 
would be extremely low, due to tlie in- 
ductance of the held and armature 


windings. To overcome these difficulties 
the field magnets are built up with 
laminated plates like the core of a trans- 
former, so as to reduce the eddy currents. 

Design. The air-gap between the 
armature and the pole faces is reduced to 
the smallest amount mechanically possible 
and the cross-section of the field magnets 
are increased so as to reduce the number 
of field ampere-turns necessary to produce 
the required field strength. This reduces 
the inductance of the field winding. To 
reduce the inductance of the armature 
winding a stationary compensating wind- 
ing is provided, the ampere-turns of which 
oppose those of the armature. The com- 
pensating winding is as nearly as possible 
a counterpart of the armature winding. 
In small domestic motors the compensat- 
ing winding is not usually fitted. When 
used with alternating current the diffi- 
culties of commutation are increased by 
the current induced in the coil undergoing 
commutation by the pulsating field. To 
overcome this difficulty some motors have 
high-resistance connexions between the 
armature and the commutator. This 
reduces sparking, but leads to loss of 
power and consequent over-heating. 

Fig. 2 illustrates diagrammatically the 
above refinements in design. 

Universal motors are obtainable in all 
sizes from \'ery small fractions of one 
horse-power (see Fractional Horse-Power 
Motor) to heavy power drives such as for 
railway locomotives. For heavy powers 
they are usually operated at a frequency 
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of i6 or 25 cycles {see Single-Phase Motor). 
Their chief use, however, is in domestic 
and all small portables apparatus. The 
modern tendency appears to be to dis- 
continue their use for heavy drives. 

When ordering a universal motor or a 
piece of apparatus containing a universal 
motor it is advisable to sta:e the type 
D.C. or A.C. and frequency and voltage 
of the supply, although the same motor 
will operate well at any type or frequency 
of supply up to, say 100. The voltage 
at which the motor is operated should not 
be more than 10 per cent, above or below 
the designed volJage. For instance, a 
200-volt motor should operate between 
180 and 220 volts. See hTactional 11 . P. 
Motor. 

UNIVERSAL SHUNT. See Shunt Box. 


siitficiently porous to allow the air to 
escape, but in which the dust is trapped. 
Periodically the dust bag has to be 
removed and emptied, to prevent it 
becoming choked up. The basic operating 
principle does not vary, either for portable 
machines or stationary plants. Domestic 
machines divide broadly into two classes, 
the “ bag and stick '' and " cylinder 
models. The respective characteristics 
of these two types are discussed below. 

“ Bag and Stick ” Type. A machine of 
this class is shown in Fig. i. It may be 
described as a suction broom, since it is 
j)ushed about over the carpet in much the 
same manner as a broom, the essential 
difference being that the dust is sucked 
up through the no/zle and deposited in 
the dust bag carried at the side of the 
“ stick ” handle. The head of the machine 


‘T T Abbreviation for volt {g and 
W the usual symbol lor potential. 

* A distiiKtion must be made 
between c, the symbol tor E.M.F., and 
the .symbol V. Thus the E.M. 1 \ ot a 
generator is given by e = ii.(k)o V. (say) 
obtained by calculation of the rate of 
cutting of armature flux. See Electro- 
Motive Force. 

** V.*' .Symbol for velocity of propaga- 
tion of electro-magnetic waves in tree 
space. Usually reckoned for light waves 
as equal to 186,000 mile.s per .second or 
3 X 10^® cm. per sec., but mrjre accurately 
2-9982 X 10^** cm. per .sec. See Electro- 
Magnetic Theory of Light. 

V.A. Abbreviation for Volt-Ampere. 

VACUUM CLEANER. In no .sphere, 
other than that of lighting, has electricity 
proved so popular in domestic service as in 
cleaning. The electric vacuum cleaner not 


carries the motor and the fan which is 
contained in the suction chamber, which 
is extended to iorni the nozzle. The 
machine is mounted on wheels, for easy 
manciiuvring ; means are provided to 
adjust the height of the nozzle to conform 
to different thickness ol pile ; and the 
handle can be brought low down to the 
horizontal to enable the machine to be 
pushed under lurniture. Supply to the 
motor is gi\en tliroiigh flexible cable. 
Switch ('ontrol is provided on the machine. 

Suction alone will effect the major work 
of cleaning, but embedded fluff, cotton 
threads, etc., in the carjiet jhle are 
difficult to remove unless means to disturb 
them arc provided. This is variously done 
by fitting a motor-driven brush in the 
nozzle ; a bru.sh o])erated by the running 
vvdicels as the machine is jiiished over the 
carpet ; a motor-drivTii “ beater " ; or a 


only saves the user a lot of hard work and 
much time, but it effects the removal of 
dust and dirt rather than its partial 
displacement from one fdace to anothei 
The principle on which all \’a('uum 
c.eaners function is the removal , 
of dirt by suction. A. small electric I 

motor drives an impeller type fan 1 
which creates a partial vacuum 
in the suction pipe. Air is thus 
drawn in at the nozzle, carrying 
with it dirt and dust .suspended 



in the air current. This is di.s- 
charged into a filter bag, 


VACUUM CLEANER. Transparency view of a bag 
and stick type cleaner. 

CourttHV Hoover Lid. 


1350 


VACUUM CLEANER 


B C E F C 



VACUUM CLEANER. Fig 2 B, dust bag ; C, dust indicator ; L, 
insulating switchbar , F, protection hood over motor ; G, double 
air-purifying pad ; H, insulating socket J, compound fan 
undercut commutator and carbon brushes , N, filter housing 
insulating material. 


fixed brush or toothed bar in 
the nozzle. Naturally the motor- 
driven brush or beater effects 
the required purpose most de- 
finitely, but the wear on the 
pile of cheaper carpets is likely 
to be greater than with non- 
motor-drivon devices. A point 
to watch with motor-driven 
brush machines is not to leave 
(he machine running if called 
away when using llic cleaner, 
as there the risk that on 
returning if may be found that 
the carpet under the nozzle has 
been badly worn. 

Cylinder-Type Machines. An example 
of this class of cleaner is shown in Fig. 2. 
The operating ])rinciplc is precisely a«i 
described above, but the motor, fan and 
dust bag are accommodated within a 
cylindrical case, and the suction nozzle is 
connected thereto bv a llcxible hose. The 
cylinder is either mounted on wheels or 
skids. With the cylinder-type machine 
there is lar less weight actually moved 
about when manipulating the nozzle, and 
It is more easy to get the nozzle (which is 
carried on a swivel jennt) under low 
furniture and into awkward corners. On 
the other hand, a motor-driwn brush or 
beater is out of the (luestion with this 
tyjx: of macliine, and it is, perhaps, in 
con.sequence a little less effective as a 
carpet cleaner. 

A variation of the cycliiider machine is 
the design in which the motor, fan and 
dust bag are accommodated in a container 
provided with lifting handle, so that it can 
be conveniently carried from j)lace to 
place as circumstances recpiire. Various 
accessories in the form ot hose, brush and 
mop attaclnnents are usually siqiplied to 
meet domestic cleaning requirements. 

There is normally included an attach- 
ment to fit on the exhaust side of the 
suction fan resulting in a “blower effect,'' 
which is extremely useful tor blowing dirt 
out of inaccessible places such as piano 
interiors, corners etc. 

Safety. The problem ot safety to the 
user is linked with the more general one 
of whether it is better to earth or not to 
earth domestic appliances. Where earth- 
ing is adopted throughout a domestic 
installation, then vacuum cleaners should 
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be connected to the .supply outlet bv 
3-corc flexible, all exposed metal parts of 
the machine liable to become live in the 
event of an internal fault being electrically 
bonded together and to the third earth 
wire connexion. 

Probably the greater number of domes- 
tic vacuum cleaners, however, are supplied 
from lamp holders or two pin wall- 
])lugs, without provision for earthing. 
Uiuler these conditions there is very 
little risk of the user receiving a bad 
shock from a faulty machine when 
standing on the carpet or wooden floor, 
which are good insulators. But if, while 
in contact with the metal of the machine 
which is “ live ” due to a fault, the 
operator simultaneously makes contact 
with an earthed water or electric radiator 
or gas stove, then a very severe shock may 
be experienced ; fatalities have occurred 
under these conditions. It is, therefore, 
desirable that machines used on two- 
wire supply should have all metal parts 
of the machine covered with insulating 
protection as far as practicable. Operating 
handles of insulating material in place of 
metal (or metal tubes that arc insulated 
from the body of the machine) are to be 
jneferred, and rubber flexible hose is 
similarly safer than metallic tubing. 
Control switches on the machine should 
be of the all-insulated class, or may be 
of the foot-press type with which the hand 
does not come in contact. 

Costs. The majority of domestic 
vacuum cleaners are driven by -J to J h.p. 
motors. The consumption is thus of the 
order of 100 to 130 watts, corresponding 
to 10 or 8 hours' use per unit. Even at 
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Fig. 3. An industrial cleaner for electrical 
machinery, etc. 

i'uurte»U Brihsh I’acuvm Clranrr Co.. Ltd. 


lighting rates, this is cheap, while on 
domestic power tariffs regular use of the 
cleaner every day only entails a few 
pence per week for operating costs. 

Machines vary very widely in first cost. 
The more highly priced cleaners commonly 
represent a standard of quality ani 
reliability well above that of the cheapest 
models. There has also to be taken into 
account the .size and speed of motor 
fitted. A small J-h.p. motor, running at 
11,000 r.p.m., is obviously cheaper to 
manufacture than a /,-h.p. machine 
running at, say, 6,000 r.p.m. Even 
with equally good materials and 
workmanship it is plain which .should 
have the longer life and give more 
reliable service. In the best class 
machines very great care is taken 
in the manufacture of the motor, 
even down to the dynamical bal- 
ancing of each individual rotor. 

Faults and Repairs. The frac- 
tional h.p. motors of vacuum 
cleaners are liable to all the faults 
that may develop on larger 
machines — burnt-out coils, discon- 
nected commutator segments, worn 
bearings, high mica, etc. — and their 
detection and remedy entail similar 
procedure to that given in other 
sections of this work. The most 
common troubles, however, are 


. ‘ Jirj--' 

Fig. 4. ASturtevant Turbine Type In- 
dustrial cleaner. 

worn flcxibles, dirty switch 
contacts, brush dust on com- 
mutators, neglect of oiling or 
loo frequent oiling. These 
la lilts are easily discovered and 
simply repaired. When re- 
placing worn brushes it is im- 
portant to ensure that the right 
grade of brush is fitted, or 
wear or heavy sparking may 


size and 
excessive 
result. 

VACUUM LAMP. .Scd? Lamp. 

VACUUM TUBE. A glass tube made in 
various shapes and filled with air or gases 
at pressures below that of the atmosphere. 
The pressure in any particular tube, as 
the cathode ray tube, may be con.siderably 
below that of the atmosphere, t.e. the 
vacuum may be high. There arc many 
types of vacuum tubes, the most important 
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Fig. 5. Arrangenrient 
vacuum cleaning plant. 


of a pcrnnanently installed central 
H.C. indicates connexion for hose of 
cleaners. 

rucuum Vltaner Vu.» Ltd. 
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being described under their own headings. 
See Cathode Ray Tube ; Crookes* Tube ; 
Electron ; Geissler Tube ; Ultra-Violet 
Light ; Valve. 

VACUUM TUBE LAMP. The lumin- 
escent effect of the electrical discharge 


in a vacuum tube permits the application 
of such tubes to decorative lighting, 
illuminated signs and similar purposes 
as described under Gaseous Discharge 
Tubes, Hot Cathode Lamp, Neon Tube 
and Lighting, etc. 


VALVE, THERMIONIC: BASIC PRINCIPLES AND THE 

MODERN TYPES 

By S. O. Pearson, B.Sc., A.M.I.E.E. 

Jhis comprehensive article is in two sections. The first deals with the basic 
principles and characteristics of the valve used in radio communication. The 
second provides descriptions in alphabetical order of all the important types of 
valves now in use. A note on the use of the thermionic valve in H.F. induction 
furnaces follows as a separate article. See Amplification ; Anode A.C. 

Resistance; Characteristic; Detector; Grid, etc.; also Broadcasting; Receiver. 


In the science of radio communication 
the thermionic valve, in its now numerous 
forms, plays a more important part than 
any other item in the sending or receiving 
apparatus. In fact, the valve consti- 
tutes the nucleus round which practically 
the whole of the sending and receiving 
circuits and equipment are designed and 
built. For transmitting purposes the 
valve is very rapidly replacing all other 
methods of generating high-frequency 
electrical oscillations. 

The particular merit of the thermionic 
valve that puts it in a position of such 
pre-eminence is its property of amplify- 
ing electrical variations to an enormous 
degree almost without distortion, thus 
enabling a weak signal received by an 
aerial to control locally provided energy 
in some cases millions of times greater 
than that received from the transmitter. 

In its strictest sense an electrical valve 
is a device which allows current to pass 
in one direction only through it, and it is 
on account of this property that the name 
valve ** has come to be applied even in 
cases where the device is not used in its 
capacity as an electrical valve. In 
America the thermionic valve is generally 
referred to as a vacuum tube. 

PART I. BASIC PRINCIPLES AND 

Characteristics 
The Diode. In its simplest form the 
thermionic valve consists of an evacuated 
glass bulb containing an electrically 
heated filament surrounded by a metallic 
cylinder, insulated from the filament, the 


arrangement being shown in Fig. i. 
Although this constitutes the first ther- 
mionic valve — the Fleming Valve — it is 
still in general use, being known as the 
two-electrode valve or diode. On account 
of its one-way cod- 



valve. Fig. 1. Arrange- 
ment of a diode 


used as a detector 
of H.F. oscillations, 
and as a rectifier of 
alternating currents. 
When the filament 
is heated to the re- 
• quisite temperature 
by passing a current 
through it, a current 
of electricity will 
pass between the 
metal cylinder and the filament when the 
former is maintained at a relatively 
positive potential, but no current can 
be made to flow in the reverse direction 
by applying negative voltage to the 

cylinder, which is generally known as 
the anode ((/.v.) or plate. The filament 
is sometimes called a directly-heated 

cathode, but there are types with in- 
directly heated cathodes ((/.v.). 

The ability of a current to pass between 
the electrodes of the valve, even when the 
bulb is completely evacuated, is due to a 
phenomenon which forms the basis of all 
thermionic valves. A current of electricity 
is a stream of electrons, and the current 
in the diode, passing from anode to 
filament according to the conventional 
notation of direction of flow, consists of a 
stream of electrons passing front the hpt 
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filament to the relatively positive anode. 
This current in the vacuous space between 
the electrodes is called an emission current 
or thermionic current (<7.?^.). 

The electrons are emitted by the hot 
filament as a result of the thermal agita- 
tion of its molecules. But for the proximity 
of the positive anode, these emitted elec- 
trons would fall back to 
the filament again. I'he ]“■ 

positive potential of the 
anode, however, exerts an 
attractive force on the 
freed electrons and draws 
them across the inter- 
vening space. It should 
be noted that the motion 
of the electrons re])rescnt- 
fng the current is in the 
opposite direction to the 
conventional notation of 
the direction of current flow. 

The maximum emission current jiossible 
depends on the temperature of the li la- 
ment or cathode, the substance compris- 
ing it, and its superficial area. In modern 
valves the filaments are treated or coated 
with certain oxides such as those of 
barium, calcium or strontium, so that they 
give copious emission at relati\'ely low 
temperatures compared with that required 
by a pure tungsten filament (see Ther- 
mionic Current). 

Diode Characteristics. As all thermionic 
valves are based on the fundamental 
properties of the simple diode the general 
characteristics of the latter will be con- 
sidered first. In P^ig. 2 a diode is con- 
nected with a milliammeter, Ma, in the 
anode circuit to enable the current to be 
measured >vith various values of applied 
voltage for a fixed value of filament current . 

The characteristic curve showing the 
relationship between the emission current 
and the anode voltage relative to the 
negative end of the filament is shown in 
Fig- 3 by fbe full line curve. It will be 
noted that there are two bends in the 
curve, and the reasons for these are im- 
portant as they are pre.sent in all types 
of thermionic valves, influencing the 
shapes of the characteristic curves. 

The reason for the lower bend will be 
considered first. It will be realized that 
a “ cloud ” of free electrons exi.sts in the 
space between the filament and the anode, 


and as each electron constitutes a minute 
negative charge, the electrons in the inter- 
electrode space represent a negative charge 
of electricity. This is called the space 
chatf^e, and is further discussed under its 
own heading. Now as like charges repel 
each other it follows that electrons which 
are just leaving the filament are repulsed 
by those already in the 
space between the elec- 
trodes, and there is a 
tendency for them to be 
drix'cn back to the filament. 

With low values of anode 
voltage the sjiace charge 
drives back nearly all 
electrons emitted, which 
accounts for the compara- 
tively gradual rise of the 
current cur\e. As the 
anode voltage is increased 
the attn.ctix e force excrt(*d by it rises and 
overpowers the re})clling force ol the .space 
charge to a larger extent, causing the 
current curve to ri.se. 

The rounding of the curve at the bottom 
is also partly due to the fact that there is a 
j)otcntial ri.se along the filament from tlie 
negative end, the anode voltage being 
therefore less positi\’e with resi)ect to the 
positive end of tlie filament than the 
negative end. WitJi an indirectly heated 
cathode (q.v.) where tlie wdiole of its 
surface is at the same potential, this effect 
is aKsent and the lower bend of the 
characteristic curve is v’crv iuik Ii sharper. 
Ill is is an important point, when a tliode is 
used as a linear rectifier, lor giving 
d is t or t ioi 1 less rcc t i f 1 ca 1 ion . 

Saturation. The main portion of the 
curv^e is comparati\'ely straight, hut as the 
anode voltage is progressively rai.sed the 
current cv^entually reaches a constant 
maximum value, when the valve is said to 
be saturated. This occurs when the 
maximum number of electrons per .second 
tliat the filament can emit at the given 
temperature arc all attracted to the anode. 
The saturation current depends to a very 
critical degree on the filament temperature 
— a small decrease of filament current 
results in a comparatively large decrease in 
maximum cmi.ssion current. The effect 
of reducing the filament current in suc- 
cessive stages is shown by the dotted line 
curves of Fig. 3. 
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VALVE Fig. 2 Fundamental prin- 
ciples of the two-electrode valve. 
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The Three-Electrode Valve. The two- 
electrode valve is useful only in respect of 
its rectifying properties, and to some 
extent the saturation conditions ; . it 
possesses no amplifying powers. In the 
three-electrode valve or triode a grid or 
wire mesh is interposed between the 
filament (or cathode) and the anode with 
the object of 
controlling the 
stream of elec- g 
trons. The grid 
and anode are O 
insulated, from 
each other and § 
brought out to ^ 
separate pins 
m the valve valve Fig. 3. Characteristic 
base. The curve of a d, ode 



action of the grid is to modify the efft^ct 
of the space charge according to the 
applied potential with respect to the 
cathode. For instance, in a diode the 
potential at a distance of. say, 2 milli- 
metres from the filament might be -10 
volts. Suppose now that the lilament is 
surrounded by an open wire helix 2 mm. in 
radius, and its potential made -5 volt< 
with respect to the negative end of the 
filament. It will naturally weaken the 
negative field due to the space charge 
there, and allow more electrons to be 
drawn off from the lilament, so increasing 
the anode current. 


This third electrode is called the grid of 
the valve; it must necessarily be in the 
form of an open mesh or spiral so that the 
electrons issuing from the filament can 
pass through the interstices and reach the 
anode, or “ plate '' as it is sometimes 
called. When the grid is negative with 
respect to the lilament it has no attraction 
lor the Iree electrons, which pass through 
without adhering to it, .so that no “ grid 
current ” flows. However, if the grid is 
made positive with res[>ect to the filament 
It attracts electrons to it, acting itself 
like an auxiliary anode, and grid current 
does pass. These conditions play an 
irnpiortant part in operation and will be 
referred to again. 

General Properties of the Triode. The 

characteristics of the valve depend to a 
very large measure on the geometrical 
arrangement of the electrodes and a great 
many designs are to be found among 


modern valves. Some types, for instance, 
have a filament in the form of an inverted 
V, or an N or M shaped one surrounded 
by a flat-shaped grid and anode. The 
general design is governed by the pur- 
pose for which the valve is to be used, 
and the conditions under which it is 
to be operated. As the applications of 
valves in modern radio apparatus are very 
numerous indeed, it is not surprising that 
there should be a great variety of designs 
on the market. The technique of valve 
design is a science in itself. 

The triode may be looked upon as the 
parent of all types of amplifying valves — 
screen-grid valves, pentodes, etc., have all 
been evolved from the triode, and for this 
reason a knowledge of the basic principle 
of the triode is essential if the action of the 
more complicated special valves is to be 
understood. When the filament or cathode 
of a triode is heated to the normal operat- 
ing temperature and a specified positive 
voltage is applied to the anode, the value 
of the anode current depends on the 
potential applied to the grid. If the grid 
potential is varied, the anode current 
changes. On the other hand, if the grid 
potential is kept constant the anode 
current will vary with change of anode 
voltage. Thus there are two ways of 
varying the anode current and it is the 
relationship between these two processes 
that determines the essential properties 
of the valve. 

Anode and Grid Characteristics. The 

performance of a triode can be accurately 
predetermined from curves of anode 
current plotted against anode voltage 
with a fixed grid potential on the one 
hand, and of anode current plotted 
against grid voltage with fixed anode 
potential on the other. Such curves are 
called static characteristics : they are sup- 
plied by the manufacturers with each valve. 
A circuit for obtaining them by measure- 
ment is given in Fig. 4. The instruments 
must be in the positions shown so that the 
currents taken by the voltmeters do not 
affect the milliammeter readings. In any 
case high-resistance voltmeters should be 
used, and special instruments designed for 
this purpose are to be found on the market. 

In the first place the filament (or heater, 
it the valve is an indirectly heated one) 
voltage is adjusted to the correct value 
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by the resistance R. By means of the 
giid battery C and the potentiometer 
resistance P, the grid voltage can be 
varied over a range of positive and 
negative values. The anode voltage is 
varied in steps by changing the tapping 
points to the high-tension battery B. To 
obtain the anode- volt age/anode-current 
curve for any one value of grid voltage, 
set the slider P until the voltmeter 
indicates the required grid voltage, say 
zero to begin with. Then take corre- 
sponding pairs of readings of the anode 
current and anode voltage E„ for 
different tapping points on the H.T. 
battery B, and plot the readings as a 
graph. Further sets of readings may be 
obtained for different values of E^., and 
the curves plotted. 

On drawing the curves it will be found 
that the shape of each is very similar to 
the characteristic curve of a diode, a 
typical set of curves for a certain type of 
valve being shown in Fig. 5. It should be 
noted that the curves are parallel over the 
straight portions and that one volt increase 
of negative grid bias moves the curve 
35 volts to the right in this case. Under 
normal operating conditions the anode 
current contains an alternating component, 
and from the particular curve of Fig. 5 
corresponding to the normal grid poten- 
tial, the internal resistance offered to 
the alternating component of current 
can be found. It is repre.sented by the 
slope of the curve and the method of 
finding it is explained under the heading 
Anode A.C. Resistance. 

The next important characteristic 
curves to be found are those showing how 
tfe anode current depends on the grid 
voltage, the anode potential being kept 
constant. Referring again to Fig. 4 the 
filament voltage and the anode voltage 
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are adjusted to the correct values. Then 
readings of the anode milliameter are 
taken for various values of grid-voltage 
E^ adjusted by means of the potentio- 
meter P. During the taking of one set of 
readings E^ and E, must be kept constant, 
but further sets of readings can be 
obtained with other fixed values of anode 
voltage. There is a separate grid voltage/ 
anode - current characteristic curve for 
each value of anode potential, so that the 
number of curves obtainable is unlimited. 

A number of grid characteristic curves 
are given in Fig. 6 for the same valve to 
which Fig. 5 refers — an indirectly heated 
cathode amplifying triode designed for an 
anode voltage not exceeding 200. From 
Fig. 6 it will be noted that when the grid 
voltage is highly negative with respect to 
the cathode no anode current flows, but 
as the negative grid voltage is decreased 
towards zero — that is, as the voltage is 
changed in the positive direction — the 
anode current starts at some particular 
value of grid voltage and increases, 
gradually at first, and then more rapidly 
until the steepest part of the curve is 
reached. The curves are practically straight 
and parallel to each other over their steep- 
est portions, this being a necessary con- 
dition in distortionless amplification. 

The slope of the grid-volts/anode-current 
curves in conjunction with the anode A.C. 
resistance determine the performance of 
the valve as an amplifier. 

The slope is referred to as the mutual 
A.C. conductance and is discussed under 
its own separate heading (q.v.). 

Grid Current. An important feature of 
the triode is that, provided the grid is 
negative with respect to the cathode, no 
current will flow in the grid circuit, this 
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VALVE. Fig. 6. Qrid-voitage/anode-current curves 
for a triode amplifying valve. 
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being a matter of great importance under 
operating conditions. When the grid 
becomes positive it attracts electrons to 
it and grid current flows ; with a high 
positive potential on the grid a large pro- 
portion of the electrons may be inter- 
cepted in this way so that the anode 
current is reduced again {see 50-volt 
curve of Fig. 6). In nearly all circum- 
stances grid current is undesirable and so 
we are mainly concerned with the portions 
of the curves of Fig. 6 which fall to the 
left or negative side of the origin. 

The Valve as Amplifier. The ability 
of a valve to amplify weak electrical 
variations is its main attribute. Amplifica- 
tion is possible at any frequency, high or 
low, but amplifying valves are designed 
to have characteristics specially suited to 
the conditions of operation. The amplify- 
ing properties arise because a smil 
change of grid voltage has the same 
effect on the anode current as a relatively 
large change of anode voltage. For a 
valve to act as an amplifier some form of 
impedance must be connected in the 
anode circuit (see High-Frequency Ampli- 
fication and Low-Frequency Amplifica- 
tion). Then, providing this impedance is 
not small compared with the valve anode 
A.C. resistance, a small change of grid 
potential produces a relatively large 
change of voltage across the impedance 
connected in the anode circuit, the ratio 
of the latter to the former being the 
voltage amplification or stage gain. 

The action of the valve as amplifier is 
made clear by the composite diagram ol 
Fig. 7, the characteristic curve being one 


of those given in Fig. 6 for an actual 
valve. To begin with, the grid voltage is 
fixed at —2 volts, this being the grid 
bias " (q-v,). Then, after a short interval 
of time, the grid voltage is made to vary 
periodically b^y one volt above and below 
the mean value, as shown in the bottom 
left of the diagram, the anode voltage 
being maintained constant. From the 
constructional lines it will be evident 
that the variations of grid voltage produce 
corresponding variations of anode current ; 
if the grid voltage variation is a sine wave, 
the resulting anode current variation will 
be a sine wave also provided the operating 
portion of the characteristic curve is straight. 
This is substantially true for small varia- 
tions. 

Amplification Factor. It has already 
been explained that the anode current 
can be varied by changing either the grid 
voltage or the anode voltage. Conse- 
quently. an alternating voltage applied to 
the grid has the same effect as a larger 
value of alternating voltage in series with 
the anode circuit. When the grid voltage 
changes from — i to — 3 volts, as in Fig. 7, 
the resulting anode current is seen to 
change from ii*6 mA. to 6 mA., so that 
two volts variation at the grid gives 5-6 mA. 
variation of anode current. Now, from 
Fig. 5, which refers to the same valve, the 
change of anode voltage required to pro- 
duce 5*6 mA. change of current is about 
72 volts, the anode A.C. resistance being 


therefore X 1,000 = 12,900 ohms 


approximately. 

It also follows 




that 72 volts 
change at the 
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two volts change at the grid, and 
the ratio of these is called the Amplifica- 
tion Factor or Amplification Constant of 
the valve, being in this case 36. 

The amplification factor is defined as 
the ratio of the change of anode voltage 
to the change of grid voltage required to 
bring about the same small change of 
anode current, and it is usually denoted by 
the Greek letter fj- So when a small 
alternating voltage is applied to tlie 
grid a larger voltage is, in effect, in- 
jected into the anode circuit and drives an 
alternating component of current round 
the latter, this being additional to the 
steady direct current produced by the 
H.T. battery. When no impedance is 
connected in the external anode circuit the 
alternating component of the anode cur- 
rent is given by Ohm's law, nameh’ 
mE. 

la = amperes, where is the internal 
anode A.C. resistance as already defined. 

Another important constant of the 
valve is the mutual A.C. conductance which 
is defined as the ratio of the A. ('.component 
of the anode current (with no external 
impedance) to the alternating voltage 
applied to the grid. For the valve con- 
sidered it is = 2*8 milliamps. jicr volt. 

It is also numerically equal to the 
ratio being — 0 002S amps, per v^olt, 
or 2 'S milliamps. per volt. 

Valv^es can be constructed with anv 
desired amplification factor, since the 
problem of design is largely one in 
electrostatics and the voltage amplifying 
property gives a clue to the use to whicli 
the valve should be put. A high m- 
factor denotes the suitability of the valve 
for use as a radio-frequency amplifier or 
detector, whereas a low At restricts a 
valve to audio-output stages. 

In practice, the actual amplification 
seldom reaches the value of At, although 
values 75 per cent, of At are easih^ secured. 
Maximum power output is obtained when 
the valve A.C. resistance equals the plate 
circuit resistance, although if this latter 
value is not variable, valve A.C. resistance 
(Ra) should be greater than external load 

(R). 

Conditions for Amplification. For the 

valve to act as an amplifier of small alter- 



VALVE. Fig. 8. (rt) A triode with resistance R in the 
anode circuit, {!>) Equivalent circuit relating to A.C. 
components only in the anode circuit. The voltage 

amplification obtained is - — - — — — , the amplified 

R + R;i 

voltage appearing across R. 

nating voltages an external im]^edancc 
must be connected in the anode circuit .so 
that the alternating current jnoduced by 
the grid voltage variations sets up an alter- 
nating potential difference between the 
ends oi the added impedance. This consti- 
tutes the amplified voltage, and its value 
can be calculated when the vah e constants 
and the value of the impedance are known. 
In iMg. 8 (a) tlic added anode impedance 
is in the torm of a resistance R, which 
gives the simplest case. When only A.C. 
components are considered the circuit 
becomes equix alent to that shown at (b) in 
Fig. 8, which lends itself to easy treat- 
ment. a^E^ represents the alternating 
E.M.P'. injected into the anode circuit by 
the action of the grid. The total resist- 
ance of the circuit is R and so the 

current is 1 , -- A^E^/fR -j- RJ amperes. 
This current in R sets up across the latter a 

potential difference l.,R = juEn r-^ which 

is the amplified output \’oltage. The ratio 
of this to the original voltage K, at the 

grid is which is the number of 

times the applied voltage is multijilied. 
When the resistance R in Fig. 8 is replaced 
by a choke coil of reactance X ohms the 

voltage amplification becomes m - v ■ — 

7 'hc foregoing gives an outline of the 
basic principles upon which the amplifying 
properties of a valve depend. The various 
methods of applying these principles in 
practice are dealt witli in sejiarate articles 
and entries to which the reader is referred. 
These include : High-Frequency Amplifi- 
cation ; Low-Frequency Amplification ; 
Resistance-Capacity Coupling ; Choke- 
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VALVE. Fig. 9. Seven stages in the construction of the ' 
“ Catkin *’ valve. A sectional drawing and complete , 
view of another type are given below. 


Capacity Coupling ; Tuned- 
Anode Coupling ; etc. 

The u.sefuJness of the 
triode is not confined only 
to amplification but extends 
to a variety of other pur- 
poses, chief among tlicse 
being its use as a detector 
of high-fretjuency oscillat- 
ions in different ways. As 
this subject is fully dealt 
with under the heading 
Detector, A node Bend Recti- 
fication, cMid Grid Rectifica- 
tion, no further reference is 
needed here. 

Another important func- 
tion is the generation of 
oscillations, for which see 
Oscillator ; Regeneration. 

PART II. TYPES OF VALVES 

As j)reviously mentioned, then* arc many 
varieties and types of thermionic valve 
designed to suit tlie needs of special con- 
ditions and havang sjiecial cliaracteristics 
or constructional features. Tlie different 
types are given in this section in 
alphabetical order according to the usual 
names by which they arc known. Wliere an 
indejicndent entry is made elsewhere the 
necessary reference is given. 

A.C. Valve. .SVc Indirect Iv 
Heated Vah'e, below. 

Bigrid Valve. A valve with 
two control grids, one ol the 
main applications being the 
simultaneous amplification ol 
n.F. and L.l*\ signals m 
reflex circuits. The signal 
oscillations are applied to 
one of the grids, amplified 
and passed on to tlie de- 
tector. The J..F. output 
from the detector is then fed 
back to the second grid and 
amplified by the bigrid v'alvT, 
the H.F. and L.F. variations 
in the anode circuit being sep- 
arated by suitable filter cir- 
cuits. See Screen Grid Valve. 

Catkin Valve. A type ol 
receiving valve with very 
special features of construc- 
tion developed by the 
Marconi-Osram Valve 


Co Ilf III •* Ilip h'lcctncal Hvvu w ‘ 

Company, Ltd. The object of the design 
is robustness and constancy of charac- 
teristics. 

The main feature of the construction as 
far as outward appearance is concerned 
is the replacement of the usual glass bulb 
by a metal cylinder which actually com- 
prises the anode. This principle has been 
used for large transmitting valves for 
many years, being known as “ cooled 
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connected ' LOOM CAP impossible 
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AND SHIELD 

^PRECISION INSULATORS 
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WIRE construction 
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'PRECISION INSULATOR 
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Fig. 10. Section and as- 
sembled view of the metal- 
lized screen grid “ Catkin " 
valve. 
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anode transmitters/* and abbreviated one-to-one or a step-dcrwn transformer* 
CiA.T. from which the njime ** Catkin " usually referred to as the ** driver " trans- 
is derived for the corresponding type pf former, as there is a power output from the 
receiving valve. The cylindrical anode is secondary circuit. The principles of 
made of copper and a gas-tight copper- to- Class “ B ” amplification are given in an 
glass seal is made at the lower end of the independent entry, 
anode. The details of construction are Diode. A two-electrode valve possessing 
shown in Figs, g and lo. anode and filament (or cathode) only. 

Not only are the design and construe- Although this was the first type of ther- 
tion of the en\'elope of the Catkin valve mionic valve to be developed it is widely 
different from conventional methods ; the used to the present day for various pur- 
internal arrangements and supports of the poses, among them being (a) rectification 
electrodes are also unique. The usual of alternating currents (rectifying valves), 
glass pinch '' is abolished, the electrode .as in battery eliminators ; (b) detection of 
supports being held in a mica clamp. As H.F. oscillations in receivers (see Detec-* 
the ordinary glass “ pinch ” is a source of tor) ; (c) automatic volume control. The 
considerable dielectric loss at radio fre- use of a diode as detector has the advan- 
quencies the Catkin construction repre- tages of linear rectification and the 
sents a marked improvement in operating capability of handling signal voltage inputs 
efficiency. The leads do actually pass of high amplitude without overloading, 
through a glass ring at the base of the valve, Double - Diode. A valve with two 
but they are disposed round the circum- anode« operating on the diode principle 
ference, giving very small capacity. used in connexion with automatic volume 

The electrode supports are straight, control, where a single valve acts simul- 
stiff wires free from bends and welds, with tancously as detector and volume control, 
the result that the spacing between the See Automatic Volume Control, 
electrodes can be accurately adjusted, and Double - Diode - Pentode. A pentode 
these adjustments wall be permanent, valve based on the same principles as the 
Consequently much greater uniformity as double diode triode, having two auxiliary 
regards operating characteristics is pos- anodes. The pentode portion is usually of 
sible with the Catkin construction. The the variable-ww type, enabling an increased 
rigidity of the whole construction is such degree of automatic volume control to be 
that it is very difficult to damage a valve, obtained. 

It is claimed that a Catkin valve may be Double - Diode - Triode. A triode valve 
dropped on to a concrete floor from a provided with two extra auxiliary anodes, 
height of several feet without damage. developed for providing amplified auto- 
A protective metal outer cover is pro- matic volume control. For details of 
vided, as the anode is at high positive operation, see Automatic Volume Control, 
potential with respect to earth under Dynatron Valve. A form of three- 
operating conditions. electrode valve where use is made of the 

Class “ B ’’ Valve. An output valve emission of secondary electrons from the 
specially designed for Class “ B '' ampli- anode due to violent bombardment by the 
fication (q^v.). It consists essentially of electrons coming from the cathode. The 
two matched triodes enclosed in a single special operating condition is that the 

bulb and operated in push-pull. It is de- grid is given a positive potential higher 

signed for operation with either zero or than that of the plate, so that the secon- 
very small grid bias so that grid current dary electrons emitted by the plate are 
flows in each grid circuit during positive attracted to the relatively positive grid, 
half cycles of the input voltage. The type These .secondary electrons represent re- 
is meant for use in battery-operated verse current, and so reduce the total 
receivers, giving a large output with anode current below the figure which 

extreme economy in H.T. current con- would be obtained if there were no 

sumption. secondary emission. 

As grid current flows the input imped- In certain circumstances the number of 
ance is low, and for this reason it is fed secondary electrons freed per second from 
irom the preceding L.F. stage through a the plate may be actually greater than the 
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number reaching it from the cathode, and |||||||| 

the anode current is* actually reversed. 

The effect is indicated by the curve in mica rDlJBHl 

Fig. 12 ; this shows how the current varies 

as the anode voltage is raised, the grid ^ — 7 

voltajge being kept at a constant high triode ANODE----/L^ ff jj) \ 

positive potential. The circuit arrange- Fig. n 1 :• 

ment is shown as inset. triode grid ^ ij j 

The fact that the anode current becomes shield \ 

more negative from A to B on the curve "^^Ihalf ^^ection?^^!^-: y / 

as the anode voltage is increased posi- diode anode fyCl f 

tively from C to D shows diode anode "C IF frw |) / 

that a “ negative resist- A cathode'^ V-Ui// I 

ance " effett is brought ^ I \u7 // f I 

into play. A circuit § \ y 

possessing this negative q « \ ,, ■ ■■, ■■■ y— 

resistance effect is un- \2 ^ \ • I 

stable, and the device is ^ Anode \ Voftacje / 

used for the generation | I IllXriuffln 

of electrical oscillations. X F,g 12 — | I I I 

among otlier purposes. ^ ^ 

Vlrv^r^ t ^ Fig. 11. The elcctrode arrangement of the Osram double-diode- 

^\l^lO^L il Ii y ortnnary tnode The gnd connexion is at the top and the other electrodes brought 
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JOINED TO CATHODE 
(HALF SECTION) 
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DIODE ANODE 

cathode' 


Voltaqe 


IrioHe will rlv- ^ standardized 7-pin base. Fig. 12. Characteristic curve for a dynatron 

^ A L aj. t y Between C and D the anode current becomes more negative as the anode 

natron. voltage is increased positively. 

Electron Valve. courtfsu o/ •* rue n u n»/r/ ■' 


vacuum tube in which the current passing 
between the electrodes is represented by 
a stream of free electrons, e.^. a thermionic 
valve. 

Five-Electrode Valve. See Pentode, 

heloit. 

Four-Electrode Valve. See Bigrid, 
above, and Tetrode, beloz£\ 

Hard Valve. A valve in wliich every 
possible trace of gas is removed from the 
i)ulb. The life of the valve and the con- 
stancy of its characteristics are greatly 
influenced by the " hardiie.ss." Modern 
n'ceiving \'alves are all Iiard valves. 

Indirectly-Heated Valve. A \'alve in 
wliich the cathode is heated by a current 
j^iassed through an entirely .separate heater 
element, thus enabling alternating current 
or current from D.C. mains to be used for 
lieating purposes, without interfering with 
the performance of the valve. The 
standard heater \^oltage for A.C. valves is 
4, but indirectly heated valves for D.C. 
operation have heater voltages varying 
between i6 and 40. For details of con- 
struction see Indirectly Heated Cathode. 

Ionic Valve. A valve in wliich traces of 
gas are left in the bulb, for instance a 
“ soft " valve. The gas becomes ionized 
and current is passed between the elec- 


trodes by conduction through the gas. 
The ionization is produced by electrons 
colliding with gas molecules. 

Kenotron. A diode rectifying valve 
designed for operation at high voltage, as 
in transmitting apparatus, the bulb being 
liighly evacuated. 

Pentode Valve. A valve with five elec- 
trodes, namely anode, cathode and three 


grids. The grid nearest the cathode is the 
control grid (orresponding to the grid of 
a triode and to which the signal voltage is 



Anode 


Fig. 13. Characteristics of a 
screened H.F. pentode for differ- 
ent values of grid bias. Note the 
absence of the negative resistance 
kink compared with screen grid 
valve curve. 


applied. The 
intermediate 
grid is main- 
tained at a con- 
stant positive 
potential, and 
acts in t li e 
same capacity 
as the screen 
grid in an or- 
dinary screen- 
grid H.F. valve. 
Tiie grid near- 
est the anode 


is joined internally to the cathode, and its 
purpose is to eliminate the negative resist- 
ance kink which is always present in the 
anode voltage/anode current character- 
istic of the ordinary tetrode or screen grid 
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valve. The advantage of the pentode as 
an output valve is its high efficiency — 
details will be found in the independent 
entry under Pentode. Screened pentodes 
are also available for H.F. amplification 
and possess considerable advantages over 
the tetrode due to the absence of the 
negative kink in the characteristic curve. 
Typical characteristic curves for a screened 
H.F. pentode are given in Fig. 13. 

Power Valve. A valve (usually triodc) 
designed to give a large output for use in 
a power amplifier, i.e. one where large 
voltage amplitudes have to be dealt with. 
The special features are high anode current 
at moderate anode voltages, and the 
operating characteristic curves must be as 
straight as possible over a wide range to 
give distortionless amplification. An 
output triodc comes within this category 
when the maximum undistorted output is 
up to 500 milliwatts or so, or the A.C. 
resistance is less than 7,000 ohms. Those 
giving higher outputs are sometimes 
known as supier-jiower valves. 

Rectifying Valve. A diode valve used 
for rectifying alternating currents, as for 
example in H.T. battery eliminators. The 
particular leatures are high emission 


giving stable H.F. amplification without 
special neutralizing circuits (see Neutro- 
dyne). As a high-frequency amplifier 
the triode possesses the disadvantage that 
the anode-to-grid inter-electrode capacity 
tends to produce instability, and the 
screen grid v^alve has been developed to 
overcome this difficulty. A special screen- 
ing grid introduced between the control 
grid and the anode shields the former from 
the effects of voltage variations at the 
anode, the screen being maintained at a 
constant positive potential somewhat less 
than the mean anode potential. The 
effective residual capacity is thus reduced 
to a sufficiently low figure to render stable 
operation of the valve possible. 

The form of the anode characteristic 
curves is considerably modified by the 
introduction of the screen grid compared 
with a triode, the relative forms for the 
two types being shown in the diagram of 
Fig. 14. It will be noted that a kink occurs 
near the lower end of the screen grid 
curve and that for higher anode voltages 
the anode current becomes almost con- 
stant. The dip in the curve is due to the 
emission of secondary electrons from the 
anode and their collection by the relatively 
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VALVE. Fig. 14. Screen gnd.anodc- 
voltage / anode - current with fixed “j “2 0 

screen voltage and grid bia*;. The 

dotted line is a triode curve for « VOiLo 

comparison. Fig. 15. Grid- voltage/anode-current curve for 
«creen grid valve. Fig. 16. Construction of a screen grid 
valve and arrangement of electrodes. 
hu 16 Vu courlrsu of “ 1 he in'lrsa Horiii *’ 

current and low internal impedance. A 
single diode gives half-wave rectification, 
only the po.sitive half waves of current 
being passed. Full-wave rectifier valves 
are provided with two anodes and some- 
times two filaments or cathodes. 

Screen Grid Valve. A tetrode or four- 
electrode valve designed originally for 
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diode-triode valve 
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positive screen grid. [See Dynatron, above.) 

The grid- volt agc/anode-currcnt charac- 
teristic curve is of the same form as for 
a triodc, but the curvature at the lower 
bend is particularly sharp and the per- 
missible swing of grid voltage is very 
limited {see Fig. 15). These shortcomings 
frequently result in the form of interference 
known as cross modulation {q.v.), and 
modifications in design to eliminate this 
effect have resulted in the evolution of the 
variablc-wi2^ valve, which is of the screen- 
grid type, and now universally employed 
for H.F. amplification. 

See Variable-Af« Valve 
below for details. 

Screen grid valves arc 
characterized by 
exceptionally high am- 
plification factor and A.C. 
anode resistance. 

Super-Power Valve. 

The name sometimes 
applied to a receiving 
triodc capable of an un- 
distorted output of one 
watt or more. The ampli- 
fication factor and anode valve. Fig. 17 
A.C. resistance are com- tnode. Note the 
parativelylow. The name .TA nVcon*>st*M 
is becoming less generally characteristics, and 
used than previously, as f, lament suspension 
output valves are now 

* phonic noise. 

listed and rated accord- 
ing to the maximum undistorled output. 

Tetrode. A four-electrode valve. Within 
this category are screen grid valves, winch 
see. See also Variable-Mw Valve, below. 

Three - Electrode Valve. The triode. 
See Valve — Part I for full details and 
general principles. 

Three-in-One Valve. An arrangement 
in which the elements of three triodes are 
enclosed in a single bulb, complete with 
inter- valve couplings of the resistance- 
capacity type. An example is the Loewe 
valve. 

Transmitting Valve. The basic prin- 
ciples underlying the action of trans- 
mitting valves are identically the same 
as for receiving valves, but transmitting 
valves differ considerably in design and 
construction, for they are operated under 
totally different conditions. Whereas the 
power associated with a receiving valve 
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Fig. 18. Section of a high-powered water-cooled 
transmitting valve. 


is reckoned in milliwatts, individual trans- 
mitting valves may be rated in terms of 
anode power dissipation, at anything from 
a few watts to many kilowatts, and corre- 
spondingly high anode voltages are used. 

Thus the two main factors governing 
the design of high-power transmitting 
valves arc the high voltages used and the 
power to be dissipated at the anode, the 
corresponding problems being respec- 
tively insulation and hardness on the one 
hand and facilities for cooling the anode 
on the other. As the working conditions 
are severe, ev^cry possible trace of gas is 
removed from the bulb, evacuation being 
carried to the highest possible degree. 

In large transmitting valves the anode 
is usually water-cooled, a system calling 
for special construction. The basis of such 
a design is indicated in Fig. 18 where 
the anode itself forms part of the cn- 
v^elope and also the inner wall of the 
water-jacket. 

Two-Electrode Valve. See Diode and 
Rectifying Valve. 

Vacuum Valve. An alternative name 
for Thermionic Valve. 

Variable-Mu Valve. An important class 
of high-frequency amplifying valve of the 
screen grid type in which the amplification 
factor, denoted by the Greek letter m 
( pronounced can be varied by 


Fig. 19. Grld-voltage/anode-current 
curve for variable-mu valve. The 
tailing of the curve is brought about 
by unequal spacing of the grid wires. 
The dotted line is for an ordinary 
screen-grid valve for comparison. 
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changing the negative grid bias. The 
valve is designed so that the grid-voltage/ 
anodc-current characteristic curve tails 
off gradually to the left as the negative 
grid voltage is increased, as indicated by 
the full-line curve in Fig. 19. The 
broken-line curve is that of an ordinary 
screen grid valve, included for comparison. 

The outstanding advantages of the 
variable-;«w type are (a) that the degree 
of H.F. amplification given can be 
adjusted merely by altering the grid bias, 
thus providing a simple and very effective 
means of obtaining volume control ; (b) 
comparati\Tly large signal amplitude can 
he handled without cross -modulation 
(q.v.) occurring. Sec Screen Grid Valve. 

Variable-Mu Pentode. A variahle-?wM 
valve of the screened pentode class, the 
outstanding feature of which is the absence 
of the negativ’e resistance kink in the 
anode characteristic curves common to 
screen grid tetrodes. It is a high- 
frequency amplifying valve capable of 
handling more powerful signals than the 
tetrode. See Pentode, above. 

VALVE, THERMIONIC : in H.F. Fur- 
naces. The thermionic valve tyi)c furnace 
is the most flexible of the high-frequency 
induction furnaces on the market, and is 
o\ten.sively used for research work when 
working with rare or costly metals, and 
in applications where it is desirable to 
provide such a frequency as will melt all 
charges from a few grammes to the 
maximum capacity of the furnace. The 
smaller the charge and the greater the 
resistivity the higher is the frequency 
that must be employed. Thus, while a \- 
ton charge of steel can be melted with a 
frequency of 500, to melt a few grammes of 
steel a frequency of something nearer a 
million periods is necessary. This range of 
frequencies is achieved by the employ- 
ment of thermionic valve oscillators. 

The oscillator valve commonly adopted 
has the customary three electrodes, the 
anode consisting of a copper cylinder sur- 
rounded by a water-jacket and sealed to 
a glass chamber which serves to bring 
in the leads and support the grid and 
filament. The grid is in the form of a 
wire helix surrounding the tungsten fila- 
ment. 

VARIABLE CONDENSER. See Con- 
denser (in Radio). 


VARIABLE COUPLING. See Coupling 
of Circuits and Loose Coupling. 

VARIABLE VOLTAGE CONTROL. See 

Ward-Leonard Control. 

VARIATION. The angle which the 
compass needle makes with the geo- 
graphical north and south meridian. 
Sometimes termed the Declination, this 
angle varies for different parts of the 
earth. 

The expression is also applied to the 
maximum deviation from synchronism, 
in electrical degrees, occurring in an 
alternator coupled to an engine of unequal 
turning moment, due to the cyclic 
irregularity (q.v.) or to the angular dis- 
placement of the rotor under these 
conditions in degrees. 

VARLEY’S LOOP TEST. A method of 
fault location on the Wheatstone Bridge 
principle, adopted where an earth occurs 



bridge. R is resistance ; /, total length of cable ; S, 
switches ; and x, the unknown distance of fault. 

on a main and a loop can be made by con- 
necting the far end of the main to another 
main returning to the station. The con- 
nexions are illustrated in the diagram and 
the method involves two tests, one with a 
resistance inserted in series with the faulty 
main, and the other for measuring the 
total line resistance. A Post Office bridge 
(q.v.) is conveniently employed for this 
purpose, and the insert resistance R is 
adjusted until zero deflection is obtained. 
For the second test the earthed pole of 
the battery is disconnected from earth and 
joined to the insert resistance as indicated 
at C. Then 

line resistance (r) P 

R “Q 

for zero deflection, where P and Q are 
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known ratio arms of the f . 0 . bridge. The 
distance x of fault from C equals 
/(rQ-PR) 
r(P+Q) 

where I is total length of cable. See Test. 
VARNISH, INSULATING. 5 ^^ In- 

sulating Varnishes. 

“ V ’’ CONNEXION. When one side of 
a mesh-connected three-phase transformer 
set is removed, the other two sides, 
remaining connected to three-phase mains, 
will continue to handle the load, the full- 
load capacity being reduced by one third. 
The method is known as “ open-mesh or 

V connexion. It does not often occur 
in practice, but when so occurring can be 
treated for paralleling in the same way as 
“ mesh "-connected banks of transformers. 
See Mesh Connexion ; Star Connexion ; 
Transformer. 

V.D.E. RULES. These rules are estab- 
lished by the Verband Deutschcr Elektro- 
icclinikcr E.V. and published as the 
" \'orschriftenbuch des Verbandes Deut- 
scher Elektrotechniker " by the same 
society in Bcrlin-Charlottenburg 4, Bis- 
marckstrasse 33, from whom they may be 
obtained. In the latest edition the rules 
are contained in a book of over 1,200 
pages. 

The rules cover every field of electrical 
engineering and constitute the German 
equivalent of the B.S.I, specifications 
and the Regulations of the Institution of 
Electrical Engineers m Great Britain. 

The provisions of the rules are divided 
in four classes. First there are Prescrip- 
tions (Vorschriften), which are framed 
with a view to preventing risk of accident 
and fire and which are compulsory. 

Second there are Rules (Regeln) which 
deal either with the manner in which the 
prescriptions are to be carried out or 
precautions which are to be respected in 
the same way as prescrip- 
tions unless in a particular 
case a special reason for 
not doing so is present. 

The third category is 
that of Recommendations 
(Leitstatze) which are 
measures which it is in- 
tended to issue sooner or 
later in the form of 
Prescriptions or Rules 


and the observation of which is advised. 

Finally, there are the Standards (Nor- 
men) which give exact particulars of 
standard shapes, sizes, constructions, 
materials, weights and mechanical and 
electrical properties in general, which 
should be observed in the manufacture of 
electrical apparatus. 

The greater part of the Standards have 
been prepared in collaboration with the 
(ierman Standards Committee (Deutscher 
Normenausschuss), and appear not in the 
Vorschriftenbuch but in form of "Deutsche 
Industricnormen they are characterized 
by the initials " VDE.DIN," and may be 
obtained from Messrs. Beiith-Verlag A.G. 
Berlin SW iq, Dresdenerstrasse 97. 

VECTOR. It is shown in the article 
on sine curve (q.v.) that this curve can be 
represented as the result of the movement 
of a point round the circumference of a 
circle. If another point moves round the 
circumference of another circle it also 
produces a sine curve. As long as both 
points take the same time to get round, 
both curves have the same period. If 
the radii of the two circles differ they have 
different amplitudes. The two points need 
not start off from the same place at the 
same moment. 

For instance, in Fig. i, point B moving 
round the larger circle counterclockwise 
is 60'' ahead of A on the smaller. As 
both get round in the same time it is 
always 60"" ahead. It is said to be 60° 
out of phase and leading. If A and B 
started off together they would be in phase. 
If B were behind A it w^ould be called 
fagging. If the two are 90° out of phase 
they are said to be '* in quadrature." The 
curves corresponding to the movement of 
points A and B arc shown on the figure. 

It often happens that two or more 
things vary according to a sine law and 



VECTOR. Fig. 1. sine curves of two vectors with a phase 
displacement of dO**. 
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with the same frequency, but with different 
phase and amplitude. When a pendulum 
swings, for instance, its weight moves 
according to a sine curve. The amplitude 
is the farthest position it readies. Wlicn 
it gets there it is just turning round and 
its sp>ced is zero. When it is in the middle 
of its swing the sine curve representing its 
position is zero, but its speed is a maxi- 
mem. It can be shown that the speed 
also vari es according to a sine law. But 
it is zero when the swing is greatest, and 
greatest when the swing is zero. The 
speed is said to be 90° out of phase with 
the position of the weight. 

Vectors as Mathematical Short Cuts. An 
alternating electric current or voltage 
follows a sine law. Any current may be 
out of phase with the voltage producing 
it. Thus the two curves in Fig. i might 
represent a current A lagging 60° behind its 
voltage B. Sometimes many currents and 
voltages have to be considered in a com- 
plicated circuit. When the current passes 
through a reactance it lags 90° behind the 
voltage, in a capacity it is 90° leading and 
in a resistance it is in phase. Thus each 
current and voltage may be displaced. 
Each could be drawn as a sine curve. The 
result would be a tangle difficult to draw 
and almost impossible to understand. It 
is far simpler merely to draw the line from 
the centre of the circle to the circumfer- 
ence such as the lines OA and OB. It is not 
necessary to draw the circles themselves. It 
is understood that these have O for centre 
and pass through the points A and B. 
Thus two simple straight lines OA and OB 
are all that is needed to convey the same 
message as the two sine curves at the 
right of the figure. These lines are called 
vectors. Their lengths give the amplitudes 
of the sine curves, their relative directions 
the phase displacement between them. 
Vectors are, therefore, mathematical short 
cuts. 

Voltage and Current Relations. They 
constitute a very convenient way of rep- 
resenting the relation between alternating 
voltages and currents. For instance, let 
OA be the vector of a voltage in one 
conductor and OB that of the voltage in 
another. We want to know what will 
happen if the terminals of the two con- 
ductors are connected together. The 
diagram tells us. Between the terminals 
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VECTOR. Fig. 2. Circuit diagram of resistance R and 
reactance X in parallel. 

is an alternating voltage. When the 
voltage represented by vectors OA and 
OB are equal this is zero. This refers to 
the points where the two sine curves cross. 
It reaches a maximum when the two sine 
curves are farthest apart. It can be shown 
that it is correctly represented by the 
line AB. This is its vector. As the triangle 
OAB rotates about O, the voltage betw’een 
the two conductors is zero when AB is 
horizontal and is a positive or negativ^e 
maximum when AB is vertical. 

In this way the effect of combining any 
number of currents and voltages can be 
found quickly by drawing the straight 
lines representing their vectors. Consider, 
for instance, Fig. 2. 100 volts is supposed 
to be applied to a re.sistance and a self- 
induction in ])arallel. The current in the 
resistance reaches its maximum value at 
the same moment as the voltage, that in 
the self-induction when the voltage is 

zero. The two 
currents can 
therefore be 
rejTesenlcd by 
the two vectors 
OR and OX in 
Fig. 3. The 
current I to 
which they 
combine is 
represented by the vector RX. It can be 
measured off if the vectors are drawn to 
scale and is found to be 11*5 amps. 

When two alternating currents arc to 
be switched together they must not only 
be equal in magnitude but their vectors 
must also coincide. This is often expressed 
by saying that they must be in phase. If 
they are not there will be a voltage between 
them which will cause a sudden rush of 
current on switching. For this reason 
synchronizing gear is provided on switch- 
boards which enables the attendant to 
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Fig. 3. Vector diagram for 
conditions given in Fig. 2. 
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make sure that the three necessary 
switching conditions are fulfilled, namely 
equal voltages, equal frequency and equal 
phase of the two supplies to be paralleled. 
These conditions can be briefly expressed 
by saying tliai the vectors of the two 
voltages must be equal in direction and 
magnitude. 

VELOCITY OF PROPAGATION. Since 
a wave is a periodic disturbance in both 
space and time, the speed with which the 
wave may be considered to be travelling 
will be a 'function of the wave-length (a 
space quantity) and the frequency (a 
time quantity), and in general it may be 
stated that : 

7) — y n, 

whore V is the velocity of advance, 

7 is the wav e-lon{:;tlt 

and n the frequency. 

Newton deduced the fact that the 
velocity of a compression wave may be 
determined from a knowledge of the 
elasticity and density of the medium 
through which the wave is passing. He 
established the relation as : 

/Modulus of elasticity 

Density 

In the case of gases and lujuids the bulk 
modulus is employed, whilst for sound 
w'avcs travelling along a narrow rod or 
v\irc Young's modulus of elasticity is 
adopted. 

In the case of a dielectric the formula 
becomes 



where k is the dielectric constant 


and fx the permeability of the medium re- 
spectively 


For electrical waves propagated through 
wires, a factor depending on the frequency 
must be introduced due to the skin effect 
iq.v.). See Electro-Magnetic Theory of 
Light ; Frequency ; Wave, etc, 

“ V END CONNEXIONS. In a bar- 
wound armature, i.e. one in which bars 
of rectangular section are employed in- 
stead of wires as armature conductors, 
the connexions from one coil to the next 
in series with it form a wide V and are 
therefore termed “ V *' end connexions. 
As solid copper strip except of favourable 
size gives trouble in winding, wires are 
usually preferred lor medium-sized arma- 
tures. See A mature ; End Connexions ; 
Former-Wound Coil ; Winding, etc. 


VENTILATING FAN. Fan. 

VENTILATION (of Electrical Apparatus 
and Machines). In all types of electrical 
apparatus the losses, both electrical and 
mechanical, are converted into heat, and, 
in order to prevent the insulation being 
damaged by excessive temperature, this 
heat must be carried away as fast as it is 
produced. In most cases, this is done by 
allowing the heat to be carried away by 
air. It is only in recent years, however, 
that much thought on scientific lines has 
been given to the methods by which the 
heat can most satisfactorily be transferred 
from the machine to the air. Previously it 
had been left much to chance whether a 
machine would operate with a satisfactory 
temperature rise, but now this is almost 
a regular item in the course ot design. 
The factors which must be taken into 
consideration when designing a ventilating 
system are both numerous and diverse, 
and can only be indicated in a general 
way. 

The quantity of air which must be 
supplied to a piece of electrical apparatus 
depends mainly on four factors : (a) The 
rate at which the heat is generated ; {b) 
the temperature of the cold air ; [c) the 
permissible maximum tcmp)crature of the 
machine ; and [d] to some extent on the 
design of the apparatus itself. For 
machines, roughly about loo cubic feet of 
air per minute are required for each kW 
lost, but in a machine with a well-designed 
ventilating system the quantity may be 
considerably lower. 

Systems of Ventilation for Machines. In 

small machines, the greater part of the 
heat is carried away by the air surrounding 
the carcass by means of convection 
currents. The heat is carried from the 
interior parts of the machine by conduc- 
tion and radiation, although a ceitain 
amount of directional flow of the air 
may be produced by the rotating parts. 
Practice is generally tending towards the 
use ot lorccd ventilation, even for frac- 
tional horse-power machines, not only 
because ot reducing the size of the machine 
for a given rating, but because it enables 
machines to be p^roduced with a much 
more consistent standard ot performance. 
Air is drawn or driven through the machine 
by means of a fan fixed to the rotating 
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VENTILATION 
Fig. 1. Sectional 
elevation of 
alternator show- 
ing axial and 
radial ventilation 
of stator core. 
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largest machines. ' “ 

The problems of venti- 
lation increase in 

number with the size of machine, how- allow the air to get into these ducts, the 


ever, and a few of these are given by way stampings of the rotor mu.st be built on a 
of illustration. spider. In larger sized machines it is 

The conductors in which heat is pro- often necessary to provide axial holes 
diiced arc embedded in slots, as a rule, and through the stampings as well, so that the 


are covered with material which is a good 
heat insulator. The only way they can be 
cooled, therefore, is by passing the heat 
into the iron core which is in contact with 
the cooling air, and by conduction to the 
end connexions. 

Quite a large proportion of the loss 
occurs in the iron itself, so that this heat 
must be carried awa}^ before that from 


air may have a still greater contact 
surface. The terms used to denote the 
different types of ventilation so far 
described are " radial,” ” axial,” and 
” mixed ” flow. For the different methods 
of leading the air into and out of motors 
(and generators) reference should be made 
to the article on Motors, page 852, 
” Rating and Types of Enclosures.” 



Special provision has to 
be made for the ventilation 
of the field coils on large 
machines. The heat from 
the inside of the coil is carried 
away to the frame by con- 
duction, while the outside is 
in contact with the air circu- 
lating in the machine. To 
cool the interior of the coils, 
they are wound in sections, 
either concentrically o r 


the conductors can be. It is usual, there- radially, thus reducing the thickness of 
fore to build up iron cores in lengths of section between the two surfaces. See 
about two or three inches, and then to jurthet under Rotor, page 1052.) 
leave gaps by means of spacers to allow Turbo-AItemators. In high-speed turbo- 
the air to have access to the iron. Other alternators, the ventilation requires special 
advantages in providing these “ venti- attention, as the long length of core intro- 
Idting ducts,” as they are called, are that duces special problems. The rotors are 
the cool air is allowed to come into contact usually made from forgings, so that con- 
with a greater area of surface, and that tinuous radial ducts are impracticable 
the heat does not have to pass through while even if posssible the cooling of the con- 
large masses of material before being ductors would not be adequate. Narrow 
transferred to the air. slots are therefore made under the main 

As the cores are built up in an axial slots for the cooling air while radial holes 
direction, the ventilating ducts left by drilled from the surface give the air access 
the spacers are radial, and, in order to to the core and so out to the stator. 
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For very long cores it is necessary to 
provide a fan at each end to drive the air 
towards the middle, as otherwise the air 
would be heated before it got to the far 
end. The tendency nowadays is to 
ventilate on the “ multiple inlet ” system. 
For this, the alternator frame is divided 
into compartments, alternate ones being 
connected to " inlet ” and " exhaust,'' 
so that by this means the machine is 
divided into a number of short sections, 
while a large area is provided for the air 
to flow, thus reducing fan losses and' 
keeping a more uniform temperature in 
the machine. 

Large Turbo - Alternator Systems. 

Several different systems have been 
developed which involve the cleaning 
and cooling of the air before it is passed 
into the alternator, but most have one or 
another disadvantage. What is possibly 
the best method is described under 
Cooling of Alternators, page 43. In 
some cases separate fans are provided for 
driving the cooling air, but while these 
arc somewhat more efficient than the 
built-in type, the latter are cheaper and 
have no complicating control gear. 

Transformers. Small transformers of 
several hundred volt-ampere rating are 
usually made with the windings and core 
exposed to the air, and cooling takes 
place mainly by convection. Where the 
transformer is immersed in oil, the heat 
is carried from the winding by the oil 
to the tank, and from there i> dissipated 
by convection and radiation. In some 
cases it is necessary to provide a corrugated 
tank to increase the cooling surface, this 
method being cheaper than fitting radiator 
lubes. 

Several systems of cooling transformers 
of the largest size have been developed, 


but the tendency is now to rely on ordinary 
air cooling. To obtain the necessary sur- 
face area, a number of large corrugated 
" radiators " are fitted, these being 
specially designed to facilitate transport 
and cleaning. Although given the name 
“ radiators," the bulk of the heat is 
carried away by contact and the setting 
up of air currents. This method is now 
being used on some of the largest units 
made, in some cases with forced blast 
cooling by means of fans. This system is 
also used in conjunction with ordinary 
cooling-tube transformers and some water- 
cooled transformers. (See further under 
Transformer.) 

Other Apparatus. Heavy rating switches 
and fuses should be provided with ade- 
quate ventilation, especially the latter, 
as variations in the air temperature pro- 
duce quite large variations in the fusing 
current. Mercury vapour, oxide, and 
thermionic rectifiers must all be placed 
so that an adequate circulation of air can 
be obtained, additional ventilation often 
being provided by means of a fan. In 
metal-clad mercury rectifiers, the anodes 
are usually provided with radiating fins 
to giv'e additional cooling surface. Cable 
ducts must be built so that the air can 
sweep through to keep them clear of 
explosive gases. In some cases this may 
necessitate the use of a fan. 

When high-power gas-filled lamps, projec- 
tion lamps or flood- ligliting units are used 
in enclosed fittings, adequate ventilation 
must be provided, the two main points 
are : Firstly, where the fitting is suspended 
by a tube carrying the cables, the hot air 
must not be allowed to rise up the tube, 
as this would perish the rubber insulation. 
Secondly, the ventilating holes must not 
permit jets of cold air to impinge on the 

bulb, or in out- 



1369 


BritiOi 
Thomavn^ 
HouBtm Co., 


Vibrating reed instrument 


Effects of Surroundings on Ventilation. 

When installing electrical machinery, care 
should be taken that the hot air from the 
exhaust end of the machine does not get 
deflected back to the intake end, or that 
the hot air from other machines is not 
drawn in at the intake. This means that 
the room in which machines are installed 
should have ample height or else have 
special provisions for keeping tlie air at a 
reasonable temperature. 

Whether a machine is mounted on a 
steel, bedplate or directly on a concrete 
bed will make an appreciable difference 
to its temperature, and hence to the rate 
at which cooling air must be supplied. 
This is because the heat is conducted from 
the machine to the metal bedplate, which 
forms a large additional cooling surface. 
Where special ventilating arrangements 
have to be made, the manufacturers will 
usually specify them. See Alternator ; 
Fan ; Motor ; Stator ; Temperature Rise. 

VIBRATING REED INSTRUMENT. 
\'ibrator. 

VIBRATION GALVANOMETER. A 

sensitive suspended movement galvano- 
meter which is used for the detection of 
minute alternating currents. The vibra- 
tion galvanometer is used in A.C. potentio- 
meter and bridge measurements, in which 
the method of testing is the adjustment 
of the circuit till the current in the 
galvanometer branch becomes zero. A 
vibration galvanometer is usually of the 
moving-coil type, and the natural period 
of vibration of the moving system is 
adjusted to be equal to the frequency 
of the A.C. circuit on which it is used. 
When this condition obtains, the presence 
of an alternating current in the moving 
coil will be indicated by vibration of the 
movement, whereby the spot of light on 
the scale screen will open out into an 
elongated band. Absence of current in 
the instrument is indicated by the spot 
of light being circular. The efficacy of a 
vibration galvanometer depends entirely 
upon its being mechanically tuned to the 
supply frequency, and, if the damping of 
the movement is small, the sensitivity of 
indication will fall off rapidly as the 
natural frequency of the movement be- 
comes different from that of the supply. 
The sensitivity of the instrument also 
depends upon the damping, and a vibra- 


tion galvanometer which is damped, either 
internally or by external shunting, will 
have its sensitivity less affected by 
differences in the mechanical and electrical 
frequencies than one whose damping is 
small. It therefore follows that if a 
vibration galvanometer is to be used in 
conditions of maximum sensitivity, the 
frequency of the testing supply must be 
maintained in exact correspondence with 
that of the instrument. If slight fre- 
quency variations are unavoidable, it is 
better to sacrifice sensitivity, by using the 
instrument shunted, as the extra damping 
so set up will render the galvanometer 
less liable to changes of sensitivity due 
to frequency variations. 

VIBRATOR. A term somewhat loosely 
applied to a number of devices. The 
most common of these is the operating 
mechamsm or vibrating armature of an 
electric bell (q.v.), particularly for 
telephones. 

The term is also applied to the tuned 
reed used in some selective protective 
devices for transmission lines or trans- 
formers. These operate when a small 
A.C. current flows in a relay circuit. A 
cuixent of fundamental frequency (50 
cycles) only flows when there is a fault in 
the circuit. But higher harmonics {see 
Sine Curve) may flow when there is no 
fault. These must not cause operations, 
so the relay has to be rendered sensitive 
to the fundamental only. This is achieved 
with the help of a vibrating reed tuned 
to the fundamental frequency. 

The relay only operates when this 
reed, called a “ vibrator,” is in motion. 

Devices for producing high-frequency 
electric currents in wireless work are 
also sometimes called vibrators. Some 
of them generate voice-frequency currents, 
usually at about 800 cycles, some of them 
higher frequencies for heterodyning. 

The term is also applied to certain 
rectifiers in which a vibrating reed reverses 
the current every half-cycle. 

VIBRATORY PHASE ADVANCER. Also 
known as the Kapp phase advancer, a 
device for improving the power factor of 
slip-ring type induction motors. 

Except that the armature is longer and 
of smaller diameter it is like that of any 
D.C. machine. There is one such phase 
advancer for each phase and they are 
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connected in the rotor circuit of the under Conduit and Conduit Systems, and 
induction motor. The current through in particular under Wiring and Wiring 
the phase advancer is, therefore, the same Systems. 

as the current in the rotor. This is an A.C. For ordinary house wiring certain 
current of low frequency, because the standard thicknesses for the dielectric of 
freqcuncy is proportional to the slip of the V.I.R. cables have been adopted, and the 
motor. It is only one of a low number of quality of the dielectric varies according 
cycles a second. to the grade of cable required. 

If each phase advancer V were supplied Standard thicknesses arc -034 inch for 
with D.C. it would keep rotating in one i/*044 i^ich cable ; -036 inch for 3/-029 
direction. But as the current reverses inch and i/-o64 inch cable ; *038 inch on 
with slip frequency the direction of 3/*036 inch ; *039 on 7/-029 ; and -041 on 

rotation of the armature also reverses 7/*036. The grades arc : 2,500 megohm 

with the same frequency. While the per mile highest quality, 600 meg. lowest 
current is in one direction the armature of non-association. The difference lies in 
the phase advancer is steadily gathering the greater percentage of rubber added 
speed. When the current changes to the when mixing, giving high insulation 
opposite direction this armature cannot resistance. 

reverse suddenly. It slows down gradually A form of flexible introduced by the 

and only reverses after a time. The slip G.E.C. for domestic electrical appliances 

current in the induction motor follows a known as “ Domestaflex'' eliminates the 

sine curve It can be shown that the kinking difliculiy. It consists of tinned 

armature of the phase advancer stops and copper-wire conductors, each insulated 
reverses nearly at the moment when tlie with two layers of V.I.R. in 600 megohm 
peak value of this sine curve has been grade. The two insulated cores are laid 
reached, and that the armature has got up up with whipcord inserts, filled with 
to its maximum speed when the sine curve \uilcanizcd rubber and braided with 
passes through zero. glazed cotton in a bi-colour combination 

The result is that the armature acts like overall, the external braid adhering 
a motor while it is gathering speed, and it tightly to the rubber filling. The whipcord 
acts like a generator during the next inserts provide a separate means of 
quarter cycle while it is slowing down. At attachment of the flexible to the plug (or 
one quarter cycle it stores energy like a other connecting device) and prevent any 
flywheel. At the next it gives this energy strain on the conductors themselves, 
back. Consequently the induction motor either in normal use or if an appliance 
is receiving current at times from its should be left hanging by the flexible, 
phase advancer and not only from the The close adhesion of the braid to the 
line. It can be shown that these supplies rubber filling prevents the cotton fraying 
are just those needed to cause the current with constant wear. Other forms of 
taken by the motor to be drawn from cotton-braided V.I.R. designed to avoid 
the line earlier than without the phase kinking and fraying are also made by 
advancer. Edison Swan, Henley’s and other cable 

V.I.R. CABLE. Vulcanized india rubber rnakers. 
is one of the four dielectrics in general use VIRTUAL AMPERES AND VOLTS, 
lor insulating electric cables, the other Readings of alternating current values 
three dielectrics being vulcanized bitumen, based on the root mean square of the 
varnished cambric, and impregnated paper, average values of their electro-motive 
India rubber, dealt with in detail under the forces. See Root Mean Square, 
heading Rubber, is only superseded by VOLT. The unit of electro-motive 
impregnated paper for power cables. Its force. The practical unit of E.M.F. or 
use in V.I.R. cable is also considered potential difference is the International 
under the heading Cable. \'olt. It is defined as being that electro- 

The advantage of the V.I.R. cable lies . motive force which, when steadily applied 
in its great flexibility, the facility with 'to a conductor having a resistance of one 
which joints can be made and the low International ohm, creates in it a current of 
cost of installation, as fully explained one International ampere. The potential 
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difference between two points on a 
conductor may be measured in terms of 
the work done in conveying a unit 
quantity of electricity from one point to 
the other. In general E=W/Q, where 
E is the potential difference in volts, 
W the work done in joules, and Q the 
quantity of electricity measured in cou- 
lombs. Ampere; Circuit; Current; 

Electro-Motive Force ; Kilovolt ; Ohm ; 
Resistance ; Units. 

VOLTAGE. Term applied to electro- 
motive force or potential difference 
expre.ssed in volts. Various specific 
applications of the term are discussed 
under their own headings throughout this 
work, and are listed and defined below : 

Activk Voltage. The alternating 
voltage component which is in phase 
with the current in A.C. work. 

Diametrical Voltage. The voltage 
between opposite lines in a six-pha.se 
system. 

Impressed Voltage. The E.M.F. 
applied to a part of a circuit in which 
there is a back E.M.F. opposing current 
flow. 

Line Voltage. The voltage betw'een 
two mains in a D.C. or single-phase system, 
or between phases in a polyphase system. 

Peak Voltage. The maximum or crest 
value of an alternating voltage. 

Primary Voltage. The input voltage 
at the primary terminals of a transformer. 

Star Voltage. The voltage between 
any line and the neutral point of a star- 
connected system. 

Symmetrical Voltage. Is said to exist 
when the instantaneous sum of the 
voltages in the various phases of a 
polyphase system equals zero. 

VOLTAGE COEFFICIENT. Under the 
heading Electro-Motive Force (p. 549) the 
formula is given 


where p is the number of pairs of poles, 
<P is the flux per pole, n the number of 
revolutions per second, and a the number 
of parallel circuits through the armature, 
whilst Z is the total number of conductors 
on the armature surface. The ratio 

may be replaced by a constant 


K known as the voltage coefficient and 
the formula thus becomes 

e—K4>nZ volts 

where K depends on the nature of the 
armature winding and is constant for any 
one type of machine. 

VOLTAGE CONTROL. Where the speed 
of motors is continually being changed 
over wide limits, or the speed has to be 
kept low for long periods, the use of vari- 
able field control alone will not produce 
ance in the armature circuit is un- 
the required range of speed, while resist- 
economical. The latter method is also 
objectionable in that a change in load 
produces a change in speed. To obtain 
the necessary range of speeds a variable 
voltage is applied to the motor, the vari- 
ation in voltage being obtained in a 
number of different ways, depending on 
the supi ly system in use. 

In self-contained systems (e.g. Diesel- 
electric locomotive) the voltage is varied 
by a resistance in the generator field, 
and the generator is direct connected to 
the series driving motor, so that at start- 
ing or on slow running there is no need 
for resistance, in series with the armature. 
Where a three-wire D.C. system of dis- 
tribution is used a range of low speeds 
can be obtained by connecting the 
armature of the motor between one outer 
and the middle wire of the system, the 
field being left connected between the 
two outers and varied to vary the speed. 

If a wider range is required a special 
balancer (q.v.) set can be installed giving 
a four or a five-wire system with different 
voltages between any pair, so that, by 
connecting the armature across different 
lines, different speed ranges are obtained. 

On trams, motor-coach trains and 
electric locomotives wdiere more than one 
motor is used, economical running is 
obtained by connecting the motors in series 
at starting and for slow speeds, so that 
only half the voltage is applied to each. 
Where four motors are used on one 
driving unit, sIoa' speeds are obtained by 
having all four in series, medium .speeds 
by two in series, the double pair thus 
formed being connected in parallel, while 
for the highest speeds all are connected 
in parallel. 

The only type of A.C. machine to which 
variable voltage speed control can be 
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applied is the commutator motor. The 
variable voltage may be obtained by a 
tapped transformer, either auto- or 
double-wound, or by means of an induc- 
tion regulator. The tapped transformer 
method is much used in A.C. traction {q.v.), 
as distribution is usually effected at a much 
higher voltage than it is possible to operate 
the motors on, so that a transformer is 
essential, and the cost is only increased 
by that of the necessary tappings, while the 
control arrangements are relatively simple. 

See Speed Control ; Ward- 


of his lighting, and lowers the output 
obtainable from motors and heaters. 

Transmission and Distribution. Where 
transmission of energy over long dis- 
tances is carried out by either overhead line 
or underground cable, the following table 
of values wull show how the voltage drop 
varies with the voltage of supply. For 
ease in comparison, it is assumed that 
the conductors would operate at a current 
density of i,ooo amperes per square inch, 
and that the power supplied is i,ooo kW. 


Leonard System. 

VOLTAGE DROP. When 
current flows in a conductor, 
some electrical pressure must 
be utilized in overcoming the 


Voltage 

Current 

Area of 
conductor 

Resist. 
j)er mile 

V^olt drop 
per mde 

Volt dropl 

% 

100 

10,000 

10 sq ins 

•r>04 ohm 

■1° 

40 

10,000 

100 

‘I ,, 

‘4 

40 

0*4 

100,000 

10 

•or .. 


40 

0*04 


resistance which tlie con- 


ductor offers to the flow of current. By 
Ohm’s law, the pressure necessary to pro- 
duce a given flow is proportional to the 
product of resistance and the current, and 
if these quantities arc measured in ohms 
and amperes res])cctively, their product 
gives the required potential difference in 
volts. A similar statement is true for 
alternating currents provided impedance 
is used in place of resistance. 

This voltage drop in a conductor when 
a current is flowing represents a loss of 
energy in the conductor in the form of 
heat. It is seen, therefore, that when- 
ever current is carried from the source of 


The necessity for using high voltage to 
transmit large powers over long distances 
is at once obvious by inspection of these 
values. 

Voltage Drop in Wiring Systems. In 

most cases buildings arc wired in accord- 
ance with the I.E.E. ratings for cables at — 
any rate, so far as the current-carrying 
capacity is concerned. When a large 
building is being wired, however, it may 
be necessary to have the distribution box 
situated at some distance from the point 
of utilization, and in this case the voltage 
drop in the cables may have to be taken 
into account. A series of values are shown 


supply to the point of utilization by cable below, from the I.E.E. wiring table for 
or other means, tliere is a defniite loss of rublxT-insulated cables. 


energy in the cable itself. Usually the 
current rating of a cable is based on the 
heating effect produced by this lost energy, 
in that its temperature must be kept low 
to avoid damaging the insulation. In 
many cases, however, it is the voltage 
drop itself which limits the loading, as 
supply authorities must keep within a 
specified margin of their nominal \’oltage 
at the consumer’s end. 

Another consideration is that if the 
voltage drop became a large fraction of 
the total voltage, the transmission of the 
energy would become uneconomical, and 
it is a question of adjusting matters be- 
tween the capital cost of the cable and the 
cost of the energy lost in it. From the 
consumer’s point of view, the voltage drop 
lowers the voltage at his terminals, and 
this considerably reduces the efficiency 


VoLTAGii Drop in IIousk Wiring 


Size of 
wire 

Cross- 

sectional 

area 

Maximum 

current 

Total length 
of circuit for 

I volt drop 

1/-044' 

o‘ooi5 

5 

36 It. 

3/'o3<>' 

0003 

10 

35 

7/-029' 

0*0045 


34 .. 

7/-064' 

0*0225 

46 

55 .* 


0060 

83 

80 „ 

37 /'o*M" 

0*120 

130 

94 .. 


These values are modified if cables are bunched 
in condiffts and not open. 


“ Total length of circuit ” is length of 
“ lead ” and “ return,” so that 36 ft. for a 
i-volt drop represents 18 ft. between two 
points. The reason that the length of cable 
to produce this drop increases with the 
size of the cable is that the smallest wire 
is worked at a current density of about 
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4,000 amps./sq. in., whilst the largest given 
is only 920 amps./sq. in. 

Traction Systems. When an earthed 
return is provided on a traction system, 
i.e. return through track rails, the voltage 
drop between any two points on the 
earthed rails must not exceed 7 volts. 
The main object in limiting this drop is to 
avoid currents actually flowing in the 
earth itself, as these produce electrolytic 
corrosion on lead and iron pipes, and on 
lead cable sheaths. 

Compensating for Voltage Drop. In 

D.C. systems the usual practice is to use a 
compound-wound generator, or, lor trac- 
tion purposes, a booster. On A.(\ systems, 
the usual practice is to provide a tapped 
transformer or an induction regulator, the 
voltage being raised either manually or 
automatically as the current increases. 
See Booster; Compound Generator; Direct- 
Current Calculations: I.R. Drop; Line 
Drop ; Losses ; Resistance Drop. 

VOLTAGE REGULATOR. A device for 
controlling the magnitude and, in some 
cases, the phase of the voltage of an A.C. 
circuit at a given point in a distribution 
network. 

The term is also applied to the field 
regulators (q.v.) of A.C. and D.C. gener- 
ators and to the tap-changing gear of 
transformers (q.v.). Such devices are not 
strictly voltage regulators because they 
can only regulate voltage when o])erating 
ill conjunction with another piece of 
apparatus such as an alternator or a 
transformer. 


1. The SwitcH'Type Voltage Regu- 
lator. Provided with tap-changing gear 
which varies the ratio of the turns of the 
two windings by adjusting the number of 
turns in circuit by means of switchgear. 

2. The Magneto Voltage Regulator. 
Has two fixed windings with a constant 
number of turns. The transformation ratio 
is altered by moving the iron core of the 
magnetic circuit so as to vary the magnetic 
interlinkage between the coils. 

3. The Induction Voltage Regu- 
lator. Has movable windings, and the 
transformation ratio is varied by moving 
the positions of the windings relative to 
each other. This type is described in 
detail under the heading Induction Regu- 
lator. 

When voltage regulators arc a})plied to 
a three-phase system, each phase is con- 
nected ’ll scries with a secondary winding 
as shown in Fig. 2. The primary windings 
arc usually connected between one phase 
and neutral as shown. This limits the 
phase of the regulation to the phase of 
the system voltage. If regulation in an- 
other direction is required the primary 
winding can be connected across any of 
the three pairs of pha.ses or from any phase 
to neutral. For com]dete control of mag- 
nitude and direction of the regulator 
voltage the primary windings can be split 
into two parts each supplied with a differ- 
ent phase of voltage and each variable in 
magnitude. 

Idle three-phase induction regulator is 
wound like an induction motor, one of 


Voltage regulators arc usually applied to 
three-phase lines, but it is desirable fir'.t 
to consider the single-phase type. In its 
simplest form it consists of an iron-cored 
magnetic circuit on which there are two 
windings as in a transformer. The prim- 
ary winding is connected across the mains 
and the secondary winding is connected 
in series with one of the conductors as 
shown in Fig. i. The ratio of the turns 


the windings being movable. One regu- 
lator by itself adds voltage of constant 
magnitude but of variable direction to 
each phase. Two arc therefore used in 
conjunction with each other to give any 
required resultant regulation. 

The magneto type docs not lend itself 
so well for phase swinging and is chiefly 
used on single-phase circuits. Fig. 3 
shows the vector diagrams of the switch 


is so chosen that the se(;ondary 
v^oltage is a given fraction of 
the primary. If the ratio is 10 
to I the voltage of the system 
will be increased by 10 per 
cent, by the action of the volt- 
age regulator. 

Types of Regulators. There 
are three methods of operating : 



VOLTAQE regulator. Fig. 1. Connexions of primary and 
secondary windings. Fig. 2. Secondary connexions for 3-ph^so system. 
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type and induction type for one phase of 
a three-phase regulator. 

Scope of Voltage Regulators. Voltage 
regulators are chiefly used for controlling 
the sharing of load between different 
lines. Normally the current distributes 
itself over a 
network i n 
such a way 
that the volt- 
age drop be- 
tween any 
two parts ,of 
the network is 
the same over 
all routes. 

This may 
cause the 
longer routes 
between two 
points to fail 
to carry their 
fair share of 
the load, and 
voltage 
regulators are used to force the current 
through them. On most systems the 
lay-out is such that the normal distribution 
of current is satisfactory and voltage 
regulators are only used as a last resource 
They are more expensive than trans- 
formers of the same size, because both 
high and low voltage windings and tlicir 
connexions have to be insulated for the 
full voltage of the line to earth. 

A typical instance of the usefulness of 
voltage regulators is in the parallel o])cra' 
tion of cables and feeders containing 
transformers. Such a system is shown 
in Fig. 4. The cables have high re- 
sistance and little reactance, and the 
transformers have high reactance and 
little resistance. The current will divide 
between the two paths so that the voltage 
drop in each is equal. This may lead 
to the cables being very much overloaded 
on account of the high reactance of the 
transformers choking the current in 
circuit with them. Also, the phase of 



VOLTAGE REGULATOR Fig 
3. (a) Regulation by addition ot 
unequal voltages m fixed 
direction. (6) Regu'atson by 
addition of equal voltages m 
variab'e direction 


Qb/e 


Transformer Feeder -ffO-l 
Induction Regulator 

Fig. 4. Parana operation ot cablet and feeders con- 
taining trantformera. 


the currents in the two paths will be nearly 
at right angles, and they will therefore 
be of no assistance to each other. If an 
attempt is made to correct this by varying 
the transformer ratio by means of tap- 
changing gear, a heavy wattless current 
will circulate and no alteration will be 
made to the sharing ol the j)ower current. 
In such a case, a voltage regulator, with 
complete ])hase-control, will enable the 
system to be operated satisfactorily. Such 
cases rarely occur in j)ractice, because 
systems are so laid out as to avoid them. 

The type of voltage regulator which 
accornj dishes its purpose without addi- 
tional plant in the main circuit is \’ery 
common, and is essential for the operation 
of all large interconnected systems. The 
voltage is regulated cither at the point 
of generation or at transforming stations. 

At generating stations the voltage is 
regulated by means of field regulators 
the best known of which is the 
Tirrcll Regulator [q.v,). Field regulators 
are usually automatic in operation. They 
control the field ol the alternators, 
causing the recpiired voltage to be gener- 



Fig. 5. Operating motor, brakp and reduction gear 
for a voltage regulator set 
Engtiah Eleetne Co., Ltd. 

ated at all loads. They are usually 
adjusted so that a rise in load gives a 
higher voltage to make up for the in- 
creased drop in the feeders through which 
power is delivered to the consumers. 
Regulators of this type are called com- 
pensated voltage regulators. (Their applica- 
tion to battery charging dynamos is dis- 
cussed under that heading.) Used with 
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VOLTAGE REGULATOR. Fig. 6. 3-S-kVA pole- 
type induction regulator. 
tunhsh I Irrtrie Co., Ltd, 

alternators they cause them to hav'c the 
same voltage characteristic as a compound- 
wound direct current generator (q.v.). 
When a number of alternators are operated 
in parallel and connected to the same bus- 
bars, special measure^ have to be taken to 
ensure that the voltage regulation is carried 
out in such a way that the wattless load is 
shared evenly by the machines. See 
Parallel Running of Alternators. 

Brown-Boveri Regulator. Most auto- 
matic voltage regulators operate on the 
same system as the Tirrell regulator, 
where the whole of the regulator resistance 
is cut in and out at short intervals of 
less than one second. There is another 
type manufactured by Me.ssrs. Brown- 
Boveri in very common use. This device 
inserts or removes resistance from the 
exciter field by specially designed sector- 
.shaped contacts, which roll over the con- 
tact studs of the field rheostat. This 
avoids friction and enables a very rapid 
response to be obtained. The regulator 


rheostat driven by a motor which is con- 
stantly running. With steady voltage the 
motor runs free. Tf the voltage rises 
the motor is put into gear so as to notch 
in more resistance. If the voltage 
falls the gear notches out resistance. 
Special devices are added to prevent hunt- 
ing. The Thury regulator is not generally 
encountered at central stations, because it 
does not compare well with other regula- 
tors in sensitivity, but its simplicity and 
ruggedness make it very suitable for 
industrial use. See Induction Regulator. 

VOLTAGE TRANSFORMER. .SVc Po- 
tential Transformer. 

VOLTAMETER. A simple piece of 
apparatus devised tor measuring current 
by the amount of a substance electro- 
lytically depo.sited in a given time. The 
substance may be silver, copper, iodine, ora 
gas contained in an eudiometer tube. 

The voltameter method of current 
measurement is indirect, and affords no 
indication of the magnitude of the current 
whilst it is flowing. Also it gives no 
indication as to whether the current 
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changed in value whilst electrolysis was 
in progress. The chemical effect is, there- 
fore, of limited use, except for standard- 
izing purposes, and for other purposes is 
generally replaced by some application of 
the magnetic effect (see Meters). For 
all cases where the utmost accuracy is not 
required, however, and where a special in- 
strument is not available for comparison, 
the voltammeter affords the most reliable’ 
means for absolute calibration of ammeters. 

VOLT-AMPERES AND THREE-PHASE 
POWER FACTOR. A three-phase circuit 
can be regarded as a combination of three 
single-phase circuits with a suppressed 
common return, and if the three-phase cir- 
cuit is balanced, the power factor and 
\’olt-ampcres arc evidently identical with 
the common power factor and the total 
volt-amperes in the three identically loaded , 
single-phase circuits. When the three- 
phase circuit is unbalanced the meaning 
to be assigned to the volt-amperes and 
power factor in the circuit is not so 
evident. A pos'^ible meaning for the \'olt- 
amp^‘res in an unbalanced three-phase cir- 
cuit is the sum ol the voll-arnpercs in the 
liiree component single-phase circuits. 
Similarly, three-phase power factor might 
be dclined as the ratio of tlie three-phase 
])ower to tlie total volt-amperes. 

It is lound more comenient in practice 
to delinc three-phase volt-amperes as the 
stjuarc root of the sum of the squares of the 
total watts and the total reactive VA in the 
circuit. This quantity is known as the 
total equivalent \ olt-amj)cres, and it is 
less than tlie aritlimctu'.d sum ol the volt- 
am[)ercs, unless tlie ( ircuit is exactly 
lialanced. This is due to ilic tact that, in 
an unbalanced circuit, the })ower factors 
ol the component single-phase circuits are 
not ec]ual. Similarly- three-]ih.ise power 
lactor is defined as tlie ratio ol the watts 
to the total equivalent volt-ampeies, or, 
alternatively, as the cosine ol the angle 
whose tangent is the ratio of the total 
reactive VA to the total watts, these t^^o 
definitions being actually identical. 

The advantage of these definitions of 
volt-am])eres and power factor is that they 
correspond to the values actually given by 
the use of watt-hour and reactive meters 
for volt-amp6re measurement, and to the 
indications of power factor meters for 
power factor determinations. It should, 


however, be noted that, if the power 
factor of a three-phase circuit be con- 
sidered as the cosine of an angle, this angle 
does not correspond to any actual phase 
angle in the circuit, unless this circuit be 
accurately balanced. See Kilovolt Ampere ; 
Power Factor ; Wattless Current. 

VOLTMETER. An instrument for the 
measurement of the potential difference 
in volts between any two points in an 
electrical circuit. Excepting in the elec- 
trostatic type, all commercial voltmeters 
are essentially ammeters in that they 
measure the current in a constant resist- 
ance, which current, according to Ohm's 
law, is proportional to the applied voltage. 
The actual measuring portion of a volt- 
meter is therefore usually a milliammeter, 
and this movement is connected in series 
with a resistance. By adjustment of the 
value of the series resistance the range of a 
voltmeter can be varied bet ween wide limits. 

The current taken by a voltmeter when 
giving its full-scale deflection depends 
upon the sensitivity of llic instrument. 
Increase of sensitivitv can, however, only 
be obtained by increasing the actual 
voltage drop across the instrument move- 
ment. A voltmeter which takes a very 
small current will, therefore, require a 
greater fraction ol the total applied \'oltage 
on its movement than c>ne which is 
relatively insensitive. As the movement 
ot a voltmeter has a copper circuit, while 
the series resistance is made of an alloy 
with a negligible temperature cocflicient, 
increased sen.sitix ity will tend to increase 
the oxerall temperature coefficient of 
resistance of the voltmeter circuit, so that 
the accuracy will he more affected by 
temperature \ariatiou. The minimum 
current for an instrument of given range 
is evidently fixed by the \'A required to 
deflect tlie ]X)inter of the movement from 
the ,^r(l to the tull-scale i>usition, against 
the control torque of the spring. 

The various types of xoltmeters in 
commercial use will he considered briefly 
below, but, as tlie underlying principle of 
these types is the same as tho.se of the 
corresponding t\q)cs of ammeters, these 
principles will not be discussed, as they arc 
explained under the heading Ammeter. 

Moving-Coil Voltmeters. These instru- 
ments arc inxariably used for all com- 
mercial D.C. circuits save tliose of very 
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high voltage. The standard current for 
the instrument for full-scale deflection is 
15 mA for indicating voltmeters. For 
graphic recording instruments in which 
more power is required in the movement, 
the current allowed may be higher. All 
commercial instruments of this class are of 
First Grade accuracy, while Sub-standard 
accuracy can be given with portable test- 
ing instruments of robust design. 

Moving-Iron Voltmeters. These instru- 
ments are now practically standard for 
commercial A.C. voltage measurements, 
and they can be obtained of First Grade 
accuracy in either the switchboard or 
portable patterns. Portable testing in- 
struments of Sub-standard accuracy are 
now available. 

Dynamometer Voltmeters. These instru- 
ments are described under the heading 
Dynamometers. They are the most accur- 
ate type for A.C. measurements, and can 
be used as transfer instruments whereby 
the determination of alternating voltages 
is made ultimately in terms of the standard 
cell. High-grade dynamometer voltmeters 
should be efficiently shielded, and used 
with care. 

Hot-Wire Voltmeters. This was one of 
the first types of A.C. voltmeter to be 
brought into commercial use, the early 
Cardew pattern emjdoying a wire which 
was housed in a long tubular extension to 
the case containing the pointer and dial. 
Although the objections to hot-wire 
instruments do not apply so seriously to 
voltmeters as to ammeters, the perfection 
of the more accurate and robust moving- 
iron type has rendered the hot-wire volt- 
meter practically obsolete in this country. 

Thermo-couple Voltmeters. The char- 
acteristics, advantages and disadvantages 
of this type of instrument are similar to 
those of the thermo-couple Ammeter (q.v.) 
described elsewhere {see Ammeter). 
The principal application of this type is as 
a sensitive instrument for the measure- 
ment of alternating pressures of the order 
of millivolts. Care must be taken in the 
use of portable instruments of this type, 
as the overload capacity is relatively 
small, and the thermo-couple may be 
burnt out by the application of a voltage 
as littip as 50 per cent, over that corre- 
sponding to the full-scale deflection. 


Induction Voltmeters. Induction volt- 
meters depend for their of)cration on 
precisely the same principles as induction 
ammeters, and their use is now practically 
confined to switchboard measurements 
where an extended 300-dcgree scale is 
considered requisite. Induction volt- 
meters arc tending to be superseded by 
the cheaper and simpler instruments of 
the moving-iron type. 

Rectifier Type Voltmeters. The rectifier 
voltmeter consists of a moving-coil milliam- 
meter and a rectifier network for double- 
wave rectification connected in series with 
a resistance to the voltage to be measured 
(see Rectifier Ammeter, page 55). Due to 
the fact that the resistance of the rectifiers 
is not constant, but increases as the current 
through them decreases, the scale of a 
rectifier voltmeter is only uniform through 
its entire range if the value of the series 
resistance is large as compared with that 
of the rectifiers. Rectifier instruments 
are largely used for the measurement of 
alternating voltages where an evenly 
divided scale is desirable. For the measure- 
ment of medium \ajltagcs they can be 
designed to take as small a current as 5 mA. 
Due to the variable resistance of the 
rectifier units this type of voltmeter is not 
inherently suitable for use as a millivolt- 
meter, as ]iractically the whole of the 
voltage available will ha\x‘ to be alisorbcd 
in the rectifiers themselves, so that the 
instrument would have an uneven .scale. 

When it is not necessary to keep the 
current consumption of the instrument 
very low, .small alternating voltages can be 
measured by a rcctihcr instrument con- 
nected to the .secondary side of a step-up 
voltage transformer whose primary is 
energized by the voltage to be determined. 
In an instrument of tiiis pattern giving full- 
scale deflection wuth 50 mV, the current in 
the primary of the ste])-up transformer is 
0*5 ampere. Transformer operated 
rectifier millivoltmeters are used for 
measuring voltage drops on conductors 
carrying heavy alternating currents, where 
the relatively high current taken by the 
instrument is immaterial and where an 
evenly divided scale is specially advan- 
tageous. For the relations between the 
readings of a rectifier voltmeter on A.C, 
and D.C. the paragraj)h on Rectifier 
Ammeters (page 55) sliould be consulted. 
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only type of voltmeter which does not 
depend upon Ohm’s law and whicli 
measures potential differences direct. The 
electrostatic voltmeter is described under 
that heading. Diieet reading electrostatic 
voltmeteis can be obtained whli ranges 
from 20 to 150 volts up to voltages as high 
as 50,000. As an electrostatic voltmeter 
takes no current on D.C. and an almost 
inappreciable current on A.C., the range 
of this type of instrument cannot be 
extended by series resistances. Extension 
of range can, however, be obtained by 
joining the instrument in parallel with 
one of a scries of condensers connected to 
the voltage to be measured. IClcctrostatic 
voltmeters must be cfiicicntly shielded 
(sec Shielding). 

Testing, Commercial grade voltmeters 
arc tested by a comparison of the reading 
of the in.strument under test with that of a 
sub-standard instrunuMit connected in 
parallel with it. Sub-standard A.C. volt- 
meters arc tested by comi^arison with a 
high-grade D.C. instrument or by a poten- 
tiometer, the mean of two readings with 
the D.C. voltage reversed being taken on 
the test instrument. For the testing of a 
commercial grade voltmeter throughout 
its range against a sub. standard, the 
arrangement .shown above is very ea.sily 
made up. Here a number of lamps, 
corresponding to the number of test points 
required, are connected in series to the 
source of supply. The drop across each 
lamp will be approximately the same, if 
these lamps are of equal rating, and, 
connecting the two instruments in shunt 
to various numbers of lamps, the readings 
can be checked at several points of the 
scale. ,See Ammeter ; Instruments ; Test. 

VOLTMETER PLUGS. For locations 
where it is undesirable to have a voltmeter 


permanently connected in circuit, a jack 
is sometimes provided into which a volt- 
meter may be plugged for purposes of 
measurement. Such plugs are extensively 
used in telephony, and were formerly 
employed to some extent in power work. 
Modern designers prefer instruments to be 
permanently incorporated on the control 
panel, affording visual indication at a 
glance of the voltage conditions on the 
circuit. They are still used for syn- 
chronizing voltmeters, however, which are 
not permanently in circuit. See Jack. 

VOLUME CONTROL. There are many 
available methods of controlling the 
output volume from the loud speaker of a 
radio receiv^er and in practice the choice 
depends entirely on the type of receiver. 

Before considering representative 
methods the necessary conditions to be 
fulfilled will be examined briefly. By 
means of the volume control it must be 
pos.sible to adjust the output from the 
loud speaker to any dc.sircd level, whatever 
the signal strength may be at the aerial, 
witliin the usual limits. For the control 
to be perfectly satisfactory it must not 
in any way interfere with the general 
operating cliaracteristics of the receiver. 
For insteince, it must not affect the tuning 
or .selectivity of the high-frequency cir- 
cuits, nor the efficiency of the detector ; 
and, most important of all, it must not 
introduce distortion. 

The v’olume control may be either in 
the L.F. circuits, after the detector, or in 
the H.F. circuits, and each method has its 
advantages and disadv^antages, according 
to circumstances. For instance, the de- 
tector operates most efficiently when fully 
loaded and the best system of volume 
control is that which does not reduce the 
loading of the detector excessively when 
the volume is reduced. On the other 
hand, if the detector is overloaded a 
volume control must be included in the 
H.F. circuits to reduce the input to the 
detector. Clearly, then, the ideal system 
is to have two controls, one in the L.F. 
and another in the H.F. circuits. But 
for ease of operation a single-control knob 
is essential, and in many modern receivers 
the H.F. and L.F. controls are both 
incorporated, but are actuated simul- 
taneously by the same knob. The more 
important methods are considered overleaf. 
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VOLUME CONTROL. Fig. 1. Methods of poet-detector volume control ; (a) is perfectly satisfactory, but 
when transformer coupling is employed, (c) is usually more satisfactory than (b). 


Post-Detector Controls. The most introduces a desired tone correction at 

generally satisfactory method of post- low volumes, where it attentuates middle 

detector control is to vary the input to frequencies to a greater extent than the 

the first L.F. stage by means of a potentio- upper and lower ones (see Tone Control 

meter. The L.F. output voltage from and Correction). 

the detector is applied across the ends of Pre-Detector Volume Controls. As the 
the potentiometer resistance and any signal strengths of the different trans- 

dcsired fraction of this voltage is tapp^ed missions to which a receiver is successively 

off and applied to the grid of the next tuned arc vastly different, some method 

valve. Circuit arrangements for effecting of control before the detector stage is 

this method of control are shown at (a) essential whether post-detector volume 

and (6) in Fig. i, where resistance-capacity control is provided or not. Pre-detector 

and transformer coupling respectively are control can be divided into two categories : 

employed. At (a) the potentiometer re- (i) those systems in which the degree of 

sistance P acts in the dual capacity of radio-frequency amplification is varied, 

volume control and grid leak, and there and (ii) those in which the signal voltage 

are no objections. There is, however, an input from aerial to receiver is changed, 

objection to the system shown at (6) The variable- lype H.F. valve 
where the slider resistance shunts the possesses the great advantage, as its name 

secondary winding of the transformer, implies, of a variable amplification factor, 

espe 9 ially when this is of high step-up the degree of H.F. amplification being 

ratio, the effect being to change the fre- dej^endent on the grid-bias voltage. It 

quency response. A rather belter method gives maximum amplification with about 

is to connect a variable resistance across i volt negative grid bias, the amplifica- 

the primary as at (c), where it sometimes tion falling off gradually to 'zero as the 



Fig. 2. The variablc-mi/ H.F. valve gives almost ideal volume contro- by operating on the negative grid bias. 
Fig. 3. Volume control by shunting the aerial circuit. Fig. 4. To cope with very powerful local signals 
a ** local -distance " switch 8 may be used to shunt the aerial by a suitable resistance. 
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bias is increased to —30 or 40 volts. As 
practically all modern receivers incor- 
porate variable-ww valves in the H.F. 
stages (and intermediate stages also in a 
superheterodyne), this effect is universally 
employed for effecting pre-detector volume 
control, the variable grid bias being 
applied by means of a potentiometer. 
The principle is illustrated in Fig. 2, the 
potentiometer itself not being shown as it 
is usually connected in some other part of 
the circuit carrying a steady D.C. The 
system does not in any way affect the 
tuning conditions. 

The second system referred to usually 
consists of shunting the aerial input circuit 
by a variable resistance as in Fig. 3 and 
will be found in many older receivers em- 
ploying H.F. valves not of the variable- 
mu class. Although it is quite effective 
as a volume control it has the objection 
of affecting the tuning to some extent, a 
serious matter when band-pass filters and 
ganged circuits are used. 

Local Distance Switch. In many in- 
stances, where variable-ww valves are 
used, the maximum available bias voltage 
is not sufficient to reduce the signals from 
a powerful local station to a sufficiently 
low level, and a “ local distance switch 
is provided to shunt a fixed resistance 
across the aerial circuit as in Fig. 4. The 
slight upsetting of the tuning is of no 
consequence, as interference with a power- 
ful local station is not very likely. The 
closing of the local-distance switch does not 
put the normal volume control out of 
action, so tlic full range of volumes is still 
available. 

It should be pointed out that reaction 
should not be used for adjusting volume 
unless very weak signals are being received. 
Increase of reaction not only raises the 
volume but increases the selectivity also, 
and usually results in loss of quality due 
to high-note attenuation. Tlie reaction 
control should, therefore, be used only for 
increasing the selectivity in the event of 
interference or when receiving very weak 
signals. See Automatic Volume Control ; 
Tone Correction. 

VOLUME RESISTIVITY. Alternative 
name for specific resistance (q.v.) used to 
differentiate between mass resistivity 
(q.v.) and the resistance per unit length of 
unit area of cross-section of material. 


ay if type commutator. The 

commonest form of commutator construc- 
tion in which the segments are made with 
dovetailed projections which fit into the 
end clamping rings and are thus held 
securely in position. See Commutator. 


W Abbreviation for watt (q.v.), 
the unit of electric power. 
Also symbol used for work 
or electrical energy. 


WALL PLUG. An appliarc:* for con- 
necting portable and domestic electrical 
apparatus to a source of supply consisting 
of a wall socket, to which attachment 
may be made by means of suitable pro- 
jecting pins. The following extracts from 
the I.E.E. regulations for the wiring of 
buildings are complementary to the 
B.S.I. specifications given under the 
heading Plugs : 

Socket-Outlets and Pluc'.s 1329 (A). A 
socket‘OiitIet and plug shall not be used to carry 
a cuiTcnt greater than that lor which they are 
rated. 

(B) . Every socket-outlet and plug shall con- 
form in all resjiects to the appropriate British 
Standard Specification and .shall also be so 
designed and constructed as to prevent a current- 
carrying pin of the plug from making contact 
with a current-carrying contact-tube of the 
socket-outlet while any pm of the plug is exposed 

(C) . A plug containing a cut-out shall be 
non-revorsible and shall be so arranged and 
connected that the cut-out will control an outer 
or phase conductor, or the nori-earthed con- 
ductor of the circuit 

(D) Weatherproof socket-outlets and plugs 
shall be of specially robust construction and be 
provided with efficient means to maintain the 
socket-outlet weatherproof when the plug is 
removed therefrom. Where a loose cover is 
employed for this purpose, it sliall be anchored 
to the socket-outlet by means of a chain. Wdien 
the plug is inserted in its socket-outlet the com- 
bined fitting and interlocking switch, if any 
shall also be weatherproof. 


WARD-LEONARD CONTROL SYS- 
TEM. A special form of variable voltage 
speed control. It is adopted for drives 
which require : (a) a constant speed 

irrespective of the torque up to somewhat 
greater than full-load value ; (b) a very 
gradual acceleration and deceleration ; 
and (c) a range of speeds from crawling to 
full speed in either direction. The system 
is much used on large rotary printing 
presses, paper-making and rubber calen- 
dering machines and furnace and mine 
hoists, in all of which the above factors 
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are important, while a modilied form, 
known as tlie Ward-Leonard-Ilgner sys- 
tem, is extensively used on rolling mills. 

The variable voltage is obtained from a 
motor generator set, the generator field 
being supplied from a constant voltage 
exciter mounted on the same shaft. The 
generator field is supplied from the exciter 
through a potentiometer connected so 
that the field current can be continuously 
varied from a maximum in one direction 
to maximum in the reverse direction, as 
shown in the diagram. From this it is also 
seen that the motor field is supplied from 
the exciter through a resistance which 
enables the maximum speed to be varied. 

The great drawback of the system is its 
high initial cost, as three machines of the 
same output are required, and its low 
efficiency, but it is the only system which 


Motor Generator 



WARD-LEONARD CONTROL SYSTEM Potentio- 
meter control enables field current of generator to 
be varied from maximum in one direction to maximum 
in reverse. 

will operate under the conditions required 
in the applications already detailed. It 
can be seen that the control gear necessary" 
is simple, as no switches are required 
betw'een generator and driving motor, the 
two being solidly connected. 

The llgncr modified system consists 
essentially of a Ward-Leonard set with a 
flywheel mounted on the .shaft betwx'cn 
the generator and its driving motor. The 
function of the flywheel is to avoid large 
variations in the load from being reflected 
as large current rushes in the mains as the 
load comes on suddenly, as it does in a 
steel- rolling mill. The object of this 
system is not so much to maintain con- 
stant speed as to avoid these heavy current 
rushes as the bloom passes between the 
rollers of the mill, and to provide a quickly 
reversible drive. Peak outputs of about 
five times the rated output of the generator 
driving motor are obtained by this 
system. See Motor Generator ; Speed 
Control. 


WASHING MACHINE. The electric 
washing machine consists of some means 
of oscillating in a tank of hot soapy water 
the linen or clothing to be washed. The 
usual method of oscillation is by rack and 
pinion drive from an electric motor which 
turns a vertical shaft carrying a horizontal 
disc upon which arc mounted three or four 
paddles wliich catch up the linen, move it 
round for the ])ortion of a full turn in one 
direction, and then return it against the 
movement of water which has thereby 
been produced, thus driving the soapy 
water through the materials to be washed. 

In addition to the actual process of 
washing it is usual to provide as part of 
the equipment a roller wringer, operated 
through a reversing gear by the motor. 

In certain models an electric heater is 
provided at the bottom of the tank to 
maintain the hot water at a correct 
tein})eraturc during the ])rocess of washing. 
The whole equipment is usually built in the 
form of a movable piece of ap^paratiis 
mounted on wheels or castors, having a 
flexible cord cojinexion for insertion in a 
convenient plug socket. 

The power recpiired to drive sucli a 
machine is extremely small, being of the 
order of -} h.p. 

The term '' wasliing machine " usually 
includes the ccpiiinnent more commonly 
known eis a wash-boiler. In this appara- 
tus the principle is entirely different and 
less elaborate. 

In this the tank or container has a 
conical-shaped funnel, which is placed 
with its wide end at the bottom of the 
tank and narrowing towards a vertical 
pipe which runs upwards towards the top 
of the tank. Above the mouth of this 
pipe a cap or deflector is fixed. 

The cone with its cap is placed inside the 
boiler and the whole is filled with soapy 
water ; the clothes to be washed arc then 
placed in the water. Surface elements on 
the under-side of the bottom of the con- 
tainer heat up the water under the cone 
until a certain amount of steam is gener- 
ated which forces up the hot water through 
the vertical pipe, where it is sprayed out- 
wards by the deflector to the outer side of 
the cone, where it falls back through the 
clothes to be washed ; this circulating 
movement is maintained so long as the 
wash-boiler is in use. 
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The wash boiler is 
not so effective as 
the washing ma- 
chine, nor is it so ex- 
pensive. It cannot 
be used for delicate 
fabrics, since its 
process depends on 
the use of boiling 
water, which is not 
necessary in the case ^ 
of the mechanical 
electric wa s h i n g 
machine. The load- 
ing of a wash boiler 

. ° r .1 1 . f WASHING MACHINE i 

is of the Orclei of Fig. l. ** Ghost ” view ot 

WW G.E.C. wash boiler. Fig 

2. Underneath view 

WATCHK (Mag. 
netized). The intro- 
duction of an ordinary watch into a strong 
magnetic field will seriously impair its 
timekeeping qualities. This is due to mag- 
netization of the balance spring causing 
disturbing forces between its turns. In the 
older types of two-pole dynamos the stray 
fields were sufficiently strong to produce 
this eflcct on any watches in their vicinity. 

A watch so damaged may be restored 
to its original stale and completely de- 
magnetized by introducing and gradually 
withdrawing it from a solenoid (’arrying 
an alternating current. Alternatively, de- 
magnetization will result Irom .spinning it 
whilst withdrawing from a strong magnetic 
field. 

Non-magnetic alloys J^ire employed as 
substitutes for steel wherever it may be 
used in the works ot such watches. The 
compo.silion of I he alloys varies from 45-75 
parts ot palladium, 15 50 parts of copper, 
20-25 parts of .silver, together with small 
quantities of iron, steel, gold, nickel and 
platinum. These alloys do not oxidize in 
moist air, pre.serve their elasticity inde- 
linitely, do not vary with change of tem- 
]HTature, and are unaffected by the proxi- 
mity of magnetic tields. 

Another non-magnetic alloy contains 
50-40 parts of gold, 30-40 parts of palla- 
dium, 10-20 parts ot copper, 0-1-5 parts^' 
of rhodium, 0*1-5 parts of manganese, and 
similar proportions of silver and platinum. 

WATER HEATING. The heat equiva- 
lent of one unit of electricity is 3,412 
B.Th.U. The quantity of heat required 
to raise a given quantity of water a 





specified number of degrees is equally 
definite, being the product of the weight 
of water in lb. multiplied by the rise in 
temperature in ®F. It is thus a very 
simple matter to calculate the electricity 
consumption necessary to any specific 
water-heating problem. Further, if the 
time in which the heating is to be effected 
is known the calculations can be carried a 
stage further to determine the k\V load- 
ing required. These simple farts are em- 
phasized because patent electric water 
heaters are constantly being placed on the 
market for which impossible performance 
claims are made. The following formulae 
will enable any .such claims to be rapiidly 
checked ; and they give the essential 
basic data for any w^ater-heating problem. 

(i) Gallons of water that can be 
heated through a specified temperature in 
a slated time by a known kW loading : 

„ k\V X ^41 X Hours 

Gallons — j-r:: 

Rise 111 

(ii) Time required with known k\V 

loading to heat given quantity of water 

through specified temperature rise : 

_ . , Gallons X '’F rise 

Time in hours — 

k\\ X 34 T 

(iii) KW loading required to heat 


WATER HEATING. Rg 1. 
Immersion heater incor- 
porating thermostat and 
withdrawable elements, 
for horizontal fixing. 
Santon, Ltd. 
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WATER HEATING. Fig 2. Electric geyser 
providing continuous flow of hot water. 
Fig. 3 (right). Temperature regulator for 
immersion heater shown in Fig. 1. 
Siifiton, Ltd. 

given quantity of water through 
stated temperature rise in fixed 
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to be preferred. For the 
vast majority of domestic 
requirements some form 
of thermal storage (g.v.) is 
normally employed — self- 
contained tanks up to £0 
to 30 gallons capacity, 
loaded loo watts per 
gallon, or immersioti 
heater (g.v.) installation 
of 2 to 3 kW loading. 

WATERTIGHT FIT- 
TINGS. When electric 


time : 

. r 1 Gallons x °F rise 

kW Loading s=s — — • 

° Hours X 3jr 

The above assume loo per cent, 
efficiency. Where the apparatus efficiency 
is known, or assumed, it can be applied 
(expressed as a decimal value, i.e. 85 per 
cent. ~ *85), as a multiplier to the 
numerator in formula (i) ; and as multi- 
plier to denominator in formulae (ii) 
and (iii). 

Additional to the above it is useful to 
remember for quick approximation that 
I unit of electricity will boil 2 gallons of 
water ; furnisli 3 gallons of scalding water 
(about 160^ F.) for washing up ; or supply 
6 gallons of water at bath temperature 
(105° F.). 

Examination of the above formulae 
will show that if it is required to heat 
large quantities of water quickly in a 
short time, high electrical loadings are 
necessary. Conversely, with low electrical 
loadings increased time for heating must 
be allowed. Hence are derived the two 
main classes of electric water heater. 
Geysers, in which the heating is done 
(juickly as and when required, charac- 
terized by relati\Tly high loadings ; and 
thermal storage heaters (g.v.), in which 
the heating is done over long periods, 
characterized by low loadings. 

In practice, for domestic use, geysers 
find little favour. With this type a loading 
of 20 to 24 kW would be required to give 
a bath in a reasonably short space of 
time. Geysers loaded 2-3 kW are 
satisfactory to supply a single isolated 
wash basin, for dental surgeon's retjuire- 
ments, and the like. But even in these 
applications a small thermal storage tank, 
I gallons loaded 500 watts, is probably 


apparatus such as motors, 
switchgear and other fittings are placed in 
positions where they are liable, from time 
to time, to be flooded with water, they 
must be not merely enclosed, but enclosed 
in a watertight case. The driving of 
pumping machinery in some classes of 
mines is a case in point. A cast-iron 
casing is usually adopted, with packed 
joints tightened by glands for all cable 
entries, joint boxes, etc. 

Smaller sizes of circuit breakers for 
outdoor situations are usually housed in 
small sheet -steel weatherproof kiosks, but 
in the larger sizes the gear is erected in the 
open and for this purpose vertical draw- 
out switchgear has undoubted advantages 
over the horizontal draw-out types. The 
circuit breakers are enclosed in cast-iron 
cases with grummet or gasket watertight 
joints between the covers, the body and 
the oil teinks. The domed covers throw 
off the rainwater and the cases are so 
shaped that moisture which might run 
down the outside of the breaker is pre- 
vented from creeping into the oil-tank. 
The tanks are hydraulically tested before 
leaving the manufacturer’s works to a 
pressure of 50 lb. per scpiare inch or 
more according to the breaker rating. 

Similarly, disconnecting boxes of the 
pavement type are provided with lids of 
the diving-bell pattern, capable of resisting 
a six-foot head of water with a reasonable 
margin of safety. 

Iron-clad fuse-boxes and outdoor 
switches for all exposed situations, such 
as exterior control of neon signs, etc., 
have machined faces and rubber packing 
between case and cover to render them 
watertight, whilst special bushes are em- 
ployed for cable entry to such boxes. 
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Bulkhead lighting fittings, as exten- 
sively adopted on ship-board, in mining 
galleries and generally in exposed positions, 
are also provided with machine-faced 
joints and rubber or leather packing rings. 

Watertight plugs and sockets, often of 
the flush pattern, are employed in docks 
and factories where sluicing down or 
flooding with water is a common occur- 
rence. When not in use the socket, of 
lacquered brass or steel bronzed, is pro- 
vided with a watertight screw-on cap. 

See Motors ; Switchgear. 

WATT and WATT-HOUR (Wh). Unit 
of electrical power. Equivalent to work 
done at the rate of one joule per second. 
A kilowatt is a thousand watts, and 746 
watts equal one horse-power. The com- 
mercial unit of electric work is the watt- 
hour. It is the work done in one hour by 
a current of one ampere flowing between 
two points of a conductor having a differ- 
ence of potential of one volt. One watt- 
hour equals 3,600 joules = 2,654 foot- 
pounds. This unit is too small in practice 
usually, and the legal unit of electrical 
energy is the kilowatt-hour or Board of 
Trade (B.O.T.) unit, sometimes called tlie 
kelvin, equal to 1,000 watt-hours. See 
Joule ; Kilowatt ; Units. 

WATT-HOUR METER, A registering 
meter which integrates {)ower, or mea- 
sures energy expended in an electric 
circuit. Watt-hour meters are in funda- 
mental construction identical with watt- 
meters, excepting that, instead of the 
moving system being controlled by a 
spring, it is free to rotate continuously 
against the dynamic braking torque due 
to the movement of a disc in the field of 
a permanent magnet. A unique type of 
watt-hour meter which does not comply 
with this description is the Aron clock 
meter, described under that heading. 

The basic principles of various types of 
watt-hour meters arc described under 
Meter. It is there shown that these 
instruments can be classified as under : 

Mercury Type Watt-hour Meters. Suit- 
able only for D.C. circuits and accurate 
only over a limited voltage range. 

Dynamometer Type Watt-hour Meters. 
Nominally suitable for both A.C. and 
D.C. circuits, but practically confined to a 
very limited use for D.C, work. 


Aron Clock Meters. Nominally suitable 
for both D.C. and A.C. circuits, but prac- 
tically used in D.C. circuits only. The 
Aron meter has a high inherent accuracy 
over the whole of its current and voltage 
ranges. 

Induction Type Watt-hour Meters. Suit- 
able only for A.C. circuits, and practically 
the only type of meter used for this work. 
In this article are considered a few 
matters relating to watt-hour meters 
which are not dealt with elsewhere. 


Three-Wire Meters. According to 
theoretical principles, two meters are 
required to measure the energy in any 
three-wire circuit, whether D.C., single- 
phase A.C. or three-phase. For D.C. and 
three-wire single-phase A.C. circuits, an 
approximate measurement of the total 
energy can be made by a single meter 
with two-current windings, each being 
connected in the “outer ” conductors of the 
system, the voltage circuit of the meter 
being connected between these two con- 
ductors. The meter integrates the 
product of the average current in the 
outers and the maximum voltage, and is 
only accurate if both outer- to- neutral 
voltages are the same. 

Aron meters can be arranged as three- 
wire in.struments without modification, 
as they normally have two current coils. 
The error due to voltage unbalance can 
be eliminated by joining the common 
connexion of the pendulum coils to the 
neutral of the system. 

Balanced Load Three-Phase Meters. If 
a three-phase circuit carries a balanced 
load, so that all three-line circuits and 



all three -line 

voltages are 
respectively 
equal, the 
energy in this 
circuit can be 
measured by a 
single meter. 

WATT.HOUR METER. Rg. 1 One mcthod of 
Connexions for a 3-wire single , . . 

phase vwatt-hoiir meter on i ClOmg tUlS IS 

balanced load. shoWll in Fig. 

I, V. here a three- wire single-phasemeter is 
used, each coil being connected in one of 
the lines of the system An alternative 
method, using an ordinary single-phase 
meter with two current transformers, is 


shown in Fig. 2, and it is evident that 
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the principle of the two methods is 
identical. 

These methods appear to be the same 
in principle as that of the metering of a 
single-phase three-wire circuit, but it 
should be noted 
that, whereas 
single- phase 
three- wire me- 
ters are quite 
accurate witli 
balanced volt- 
ages, howe\'er 
unequal the line watt-hour meter, 2. 

o -.r Connexions for a single - phase 
currents ma} meter with two current trans- 
it e a single formers on balanced load. 

meter can only measure three-phase energy 
if the currents as well as voltages arc 
accurately balanced, and considerable 
errors can occur with slight current 
unbalance. Single-phase meters are only 
used for approximate measurements in 
three-phase circuits, and are not legally 
recognized for the purpose of charging 
f.'tr the supply to a consumer. 

Phase Errors of Induction Watt-hour 
Meters. It is explained under the heading 
Meter that induction meters are fitted 
with a phase compensating device, so 
that the eddy currents inciuced in the 
disc by the voltage dux are in phase with 
the alternating field due to the current 
coils, when the circuit current and 
v oltage are in phase. If this compensation 
is inexact, the effect on the meter per- 
lormance will be the same as if the phase 
difference of the line current and v^oltagc 
had been modified. Under-compensation 
will be the same as the supply voltage 
leading on its natural pha.se, so that 
the phase difference of current and 
voltage is increased with lagging power 
factors and the meter registers slow. 
The pha.se angle of an induction watt- 
hour meter is .similar to that of a dynamo- 
meter wattmeter {see Wattmeter). 

If an induction wattmeter is u.sed 
with current and voltage transformers, 
the errors of these transformers will affect 
the accuracy of the meter. Ratio errors 
will affect the accuracy correspondingly, 
but the effect of instrument transformer 
phase errors, like that of inherent pha.se 
error of the meter, depends upon the 
power factor of the load measured. The 
phase error of a voltage transformer is 



constant at all loads, and can be allowed 
for by introducing a compensating phase 
error in the meter. Phase errors of current 
transformers are such as to cause the 
secondary current to lead the primary 
current, so that on lagging loads the 
apparent power factor on the meter is 
decreased, and the meter tends to register 
high. Phase errors of current trans- 
formers vary with the load, increasing 
as the load diminishes, and .so cannot be 
completely compensated in the meter. 

Testing Watt-hour Meters. Watt-hour 
meters are tested either by comparing 
the speeds at various loads with the 
theoretically correct .speed corresponding 
to the indication of a sub-standard meter, 
or by energizing the voltage circuit of a 
.special sub-standard wait-hour meter 
while the test meter rotor executes an 
exact number of revolutions. The sub- 
standard iiioter u.sed in this test is equipped 
with a special pointer w'hereby small 
fractions of a revolution of its rotor can 
be accurately observed, and its accuracy 
ov'cr its entire range is checked inde- 
pendently by careful speed tests against 
a standard wattmeter. 

The f)hase error of a w’attmetcr is best 
obtained by testing it with artificial pow'er 
factors of 0*5 leading and lagging. The lag 
and lead corresponding to 0*5 power factor 
is 60 degrees, and as tan 60'’ is 173, and 
the effect of phase error is opposite on 
leading to lagging power factors, the 
difference in tlie errors given by the two 
tests will be 2 X 173, or about 3*5 
limes sin a, where a is the angle of 
phase error. 

The sine of 1 degree is 0-017, 
tangent of 45 degrees is unity. A phase 
angle error of i degree thus causes an 
error of 1-7 per cent, at a power factor 
of cos 45" = 0-71. 

Three-pha.se watt-hour meters should, 
strictly speaking, be tested on a three- 
phase circuit, but results which are 
.sufficiently accurate for practical purposes 
can be obtained by testing on a single- 
phase circuit, the voltage circuits being 
connected in parallel and the current 
circuits in series. See Instruments. 

WATTLESS CURRENT. Confusion often 
arises in the minds of laymen and junior 
students of electrical matters when they 




WATTLESS CURRENT 


attempt a study of the energy and power 
quantities in A.C. circuits. This confusion 
is due to the unfortunate nomenclature, 
involving, in at least the case under 
consideration, an apparent contradiction 
in terms. In point of fact, there is no 
more reason for saying that a current is 
wattless than there is for saying that the 
E.M.F. driving it is wattless. Since the 
E.M.F. of supply is usually kept constant, 
the beginner is tempted to regard the 
power delivered as llie property of the 
current only, whereas watts are the 
product of E.M.F. and current, and it is 
absurd to sup])ose that they are due to 
one more than to the other. Furthermore, 
it is absolutely impossible to have a current 
flowing in a circuit without the expendi- 
ture of some power. 

At the same time, in A.C. work wc do 
obtain, in some instances, a large current 
and high voltage supply, yet the actual 
power transmitted is so small as to be 
practically negligible. Thus, when a cen- 
tral station supplies a network of conduc- 
tors to which the primary circuits of a 
number of unloaded transformers are 
connected, the angle of lag will be so great 
that the power transmitted is very small 
indeed. The angle of lag (as ex]>lained 
under that heading) represents the phase 
difference between the voltage and current 
ciuantities. The idea will perhaps be more 
clearly understood by reference to the 
curves in Figs, i and 2. 

In Fig. I the current and E.M.F. curves 
are in pliase. Both are positive through- 
out the same period of time and both 
negative throughout an identical period ; 
hence the product is at all times positive 
and the average value of the power is 





WATTLESS CURRENT. Fig. 1. Curve showing 



Fig. 2. Curve illustrating alternating functions of 
E.M.F. and current unproductive of actual power 


represented by the area under the curve c 
divided by the length of the ordinate, and 
will obviously be of considerable size. 
In Fig. 2, however, an angle of lag equal 
to go degrees has been introduced, and it 
will be observed that the average value 
of the power has now become zero. In 
other words, as the angle of lag or lead 
approaches 90 degrees {i.e. with pure 
inductance or capacitance in circuit), so 
the average value of the power decreases 
until, as in Fig. 2, it becomes negligible. 
Yet the current and E.M.F. quantities are 
the same in both cases. It is the angle 
of lag which determines wdiether the power 
in the circuit shall be useful or idle. 

To overcome the difficulty it was sug- 
gested that the current might be regarded 
as being made up of two components at 
right angles to one another, one of which 
— a small one — was in step with the 
E.M.F., and the other — considerably larger 
in size — 90 degrees behind it. Of these 
two components, the small one was the 
“ power current,'' and the one which 
lagged by 90 degrees was the “ wattless 
current." The explanation is useful as a 
mathematical device but apt to be mis- 
leading as regards physical facts. The 
impression is con\Tyed that there arc two 
currents flowing in the circuit, the power 
current and the idle current. This is, 
of course, not true — the analogy serves its 
purpose, but like all analogies must be 
kept within carefully defined limits. 

The definition of wattless current, then, 
is that when a circuit is so inductive that 
the A.C. current lags practically 90°, 
or when the circuit has such a capacity 


product of volts and annperes (i.e. power), with no 
phase difference. 
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that the current leads practically 90® 
over the volts, the current is said to be a 
wattless current. 

Considering a circuit containing an 
inductance only, to which an E.M.F. is 
applied whose instantaneous value e = 
E sin e, the resulting current lags by 
90^, and is therefore given by 
? ~ I sin (e— 

= — 1 cos o 

The instantaneous value of power * 

p — — € I watts 
" — El sin 0 cos 0 

El • 

= sin 2 0 watts 


Average power 

o 

El 


27r 

ei dQ 


= -- 7 ' 

o 


2ir 

Sin 20 50 


- ^ 
4T 

= O 


El ^ COS 2 0 " 


This proves mathematically that for a 
purely induct ive.circuit the average power 
is zero and similarly for a purely capacita- 
tive circuit. Nevertheless, current is still 
flowing in the circuit, as during a quarter 
cycle when the current is building up from 
zero to maximum, energy given to the 
circuit is stored up in the magnetic field, 
and during the next quarter cycle when 
the current is decreasing the stored energy 
is given back to the supply system, on a 
similar principle to the flywheel. Since no 
external work is done by this current, i,e. 
no watts pro- 
duced in an 
external 
load, it is re- 
ferred to as 
the idle or 
wattless 
c o rn ponent, 
and it repre- 
sents a loss in 

energy to the Wattless Component 
supply s y s- 

tem when such a current is required. 

Reference to the diagram (Fig. 3) may 
tend to clarify the idea. Four machines of 
the same power output but of different 
inductance take four different values of 
current Ig, I3 and I4. Each of these 
currents represents the same power, since 
the power component is the same in each 
case, yet the fourth takes more than twice 


WATTLESS CURRENT. 
Fir. 3. Vectorial repre- 
sentation of wattless and 
power components for 
currents I,, I, and I,. 



as much current as the first. Since 
connexion of a highly inductive circuit to 
the supply mains would result in lowering 
the power factor of the mains as a whole, 
with consequent increase in the wattless 
component of all consumers connected to 
the main, supply companies protect them- 
selves by imposing penalties on such loads. 
See Power Factor ; Reactive Current ; 
Tariffs ; Volt-amperes, etc. 

WATTMETER. An instrument which 
indicates directly the power in an A.C. or 
a D.C. circuit. In an A.C. circuit, the 
power is defined as the average of the 
instantaneous products of amperes by 
volts, so that the torque on a wattmeter 
movement must be also proportional, at 
any time, to the product of the current in 
its windings by the voltage applied to it. 
Wattmeters are rarely used for commercial 
measurements in D.C. circuits, .since the 
power in such circuits is, with constant 
voltage, proportional to the current, and 
ammeter indications are sufficient. In 
A.C. circuits the current is not, even with 
constant voltage, a measure of the power, 
so that switchboard-type w^attmeters are 
largely used for the control of alternators 
and converting sets. 

The wattmeter is the fundamental sub- 
.standard instrument used in the checking 
of A.C. supply meters, and for this duty 
high accuracy is essential. Sub-standard 
wattmeters must be of such a type that 
they can be checked on direct current by 
comparing their readings with the product 
of the values of current and voltage given 
by a potentiometer. By the use of a sub- 
standard wattmeter in this way as a 
transfer instrument, A.C. measurements 
may be ultimately referred to the D.C. 
standard cell. 

Wattmeters are conveniently discussed 
in a classification based on their underlying 
principles of operation. 

Dynamometer Wattmeters. These are 
referred to under the heading Dynamo- 
meter [see page 399), and consist 
essentially of a pivoted moving coil, free 
to turn against the control of a spring in 
the field of a fixed coil. The moving coil 
carries a current proportional to the 
voltage of the circuit, and the current in 
the fixed coil is proportional to the circuit 
current. If the field due to the fixed coil, 
which is embraced by the moving coil, is 
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sensibly constant for all working positions 
of the movement, the scale of the instru- 
ment will be uniform. The voltage range 
of the instrument can be adjusted at will 
by variation of the value of the resistance 
in series with the moving coil. Two 
current ranges can usually be provided by 
connecting the two fixed coils in series or 
parallel, but shunting the fixed coils is 
not permissible if the instrument is to be 
used in A.C. circuits. 

The dynamometer instrument is invari- 
ably used . for high-grade testing and 
standardizing work. It will indicate on 
both D.C. and A.C. circuits ahd is thus 
suitable as a transfer instrument. 

In order that a dynamometer wattmeter 
may give exactly the same reading in A.C. 
and D.C. circuits carrying identical 
amounts of power, certain important 
requirements must be satisfied. The 
torque on the movement of such an 
instrument is due to the interaction of the 
fixed field with the current in the moving 
coil. It is therefore essential that with a 
given voltage the current in the moving 
coil be the same whether this voltage be 
direct or alternating. If the moving-coil 
circuit be quite free from inductance and 
self-capacitance this condition will be 
satisfied. 

Phase Errors. Suppose, however, that 
the moving coil is slightly inductive. The 
effect of the inductance will be first that 
the current in the circuit with a given 
voltage is slightly less with A.C. than with 
D.C. and, secondly, that the moving-coil 
current will lag in phase on the voltage 
producing it. With a very small induct- 
ance the first effect is not important, but 
the second effect is serious if the instru- 
ment is used on an A.C. circuit of low 
power factor. If the current in such a 
circuit lags on the voltage, the effect of 
inductance is the same as if the phase of 
the voltage were brought nearer to that 
of the current, and the instrument will 
read high. If the angular difference 
between the phase of the moving-coil 
current and that of the voltage be a, and 
the instrument be used in a circuit of 
power factor cos 0, the practical erroi will 
be very nearly sin a tan 0. Now, as 
0 approaches 90° tan 0 becomes very large, 
so that even with a small value of a a 
large fractional error may occur if 0 is 


nearly 90 degrees. The angle a, the 
tangent of which is equal to the ratio of 
reactance to resistance of the voltage 
circuit, is known as the phase error of the 
wattmeter. 

' A second source of phase error is that 
due to what is known as self-capacitance, 
and is due to a minute additional current 
which flows in the voltage circuit of a 
wattmeter used in an A.C. circuit due to 
capacitance between the different sections 
of the series resistance. This error causes 
the moving-coil current to lead in phase on 
the voltage and thus tends to correct the 
phase error due to inductance. 

It will readily be understood that phase 
error tends to increase as the frequency 
increases, as both reactance and capaci- 
tance current whicli give rise to this error 
depend on fretiuency. 

We have already referred to the fact 
that the current range of a dynamometer 
wattmeter cannot be modified by shunt- 
ing, and it will easily be understood tliat 
the effect of a shunt to the moving coil 
would be to cause an error due to a possible 
difference in the phases of the currents in 
the shunt and the moving coil. 

Pliase errors in the current circuit can 
be caused by eddy currents set up in any 
metal in the field of the fixed coil. These 
currents can even be set up in the material 
of the coil itself. The effect of eddy 
currents is to reduce the field due to a 
given current and to cause the phase of 
this field to lag on that of the current. 
The eddy current effect is small in watt- 
meters for relatively low currents, if the 
use of metal formers is avoided. In heavy 
current wattmeters this phase error can 
be minimized by stranding the conductors 
forming the moving coil, but the inherent 
accuracy of such a wattmeter is less than 
one designed for small currents. For this 
reason, most precision measurements of 
A.C. power are made by 5-ampere watt- 
meters used in conjunction with high-grade 
variable-ratio current transformers. The 
effect of the errors of instrument trans- 
formers on the accuracy of power and 
energy measurements is referred to under 
the heading Watt-hour Meters. 

The phase error of a sub-standard 
wattmeter can conveniently be measured 
by connecting the instrument in a test 
current in which the current and voltage 
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have values corresponding to the watt- 
meter ranges, and a phase difference of 
exactly 90 degrees. If the phase error is 
zero, the wattmeter reading is zero also. 
The ratio of the reading to the product of 
amperes by volts is very nearly equal to 
the sine of the phase error. In most 
modern high-grade 5 -ampere wattmeters 
the phase error is inappreciable. 

High-grade dynamometer wattmeters 
must be efficiently shielded from the effects 
of e.xtraneous fields {sec Shielding). 

Induction Wattmeters. These are re- 
ferred to under Induction Instruments 
{see pages 600 and 824), and the underlying 
principle is exactly the same as that of 
induction watt-hour meters. These instru- 
ments are suitable for A.C. circuits only 
and will not read with D.C. Induction 
wattmeters are limited in use to switch- 
board instruments, and phase errors, so 
important in precision measurements, are 
not so vital for switchboard measurements. 

Electrostatic Wattmeters. These instru- 
ments are described under the heading 
Electrostatic Wattmeter, page 472. The 
extreme delicacy of such instruments 
limits their use to standardizing labora- 
tories of the highest class. 

Thermal Wattmeters. An interesting 
thermal type of wattmeter has been de- 
veloped for the purpose of indicating the 
value of the power in an A.C. circuit at 
a considerable distance from the measur- 
ing position. The principle of this instru- 
ment will be made clear from a considera- 
tion of the annexed diagram. Two 
healing coils are energized from a current 
and a voltage transformer in such a way 
that one coil carries the sum and the other 
the difference of the secondary currents. 
These heating coils give rise to E.M.F. in 
two thermo-couple circuits which are 
connected in opposition. The instan- 
taneous currents in the heating coils are 
proportional respectively to (I f- V) and 



WATTMETER. Circuit diagram for thermal type 
wattmeter. 


(I —V) and the heating effects, upon which 
the thermo-electric effect depends, are pro- 
portional to the squares of these quantities. 
The resultant average D.C. voltage from 
the thermo-couple combination is thus pro- 
portional to (I -f V)2 — (I — V)2 or to IV. 
The value of the power in the A.C. circuit 
can thus be indicated by a sensitive 
moving coil D.C. millivoltmeter located 
at a considerable distance from the heating 
coils and instrument transformers. The 
accuracy of this method of power measure- 
ment is not high, and its sole advantage is 
its suitability for remote indication. 

Three-Phase Wattmeters. Wattmeters 
for indicating directly the power in a 
3-phase circuit can be constructed by 
assembling two dyhamometer or two 
induction movements so that they com- 
municate torque to a common moving 
s^^stem. The principle of such instruments 
is the same as that of 3-phasc meters 
{q.v.). 'flic accuracy of 3-phasc watt- 
meters is inlicrently inferior to that of the 
normal single-phase type. See Instru- 
ments ; Kilovolt-Ampere-Hour Meter ; 
MettTs ; Watt-hour Meter. 

WAVE, Any disturbance which is 
periodic both in space and time is known 
as a wave. Tlie speed-time relationship 
constitutes the wave form, and may be 
represented by the fundamental equation 
of wave motion, namely, 
d-y 

In alternating current work with which 
the electrical engineer is chiefly concerned, 
the wave form of current usually takes 
tlie shape of a sine curve {sec Har- 
monics). For particulars as to the form of 
wireless waves see Aerial, Heaviside 
Layer, etc. The waves employed in 
wireless range up to several thousand 
metres in length. Sec Radiation ; Sine 
Curve ; Wave Analysis ; Wavelength. 

WAVE ANALYSIS. A graphical record 
of the lime variation of an alternating 
quantity, such as is given by an oscillo- 
graph, indicates the wave form of the 
alteniation. Except in transient condi- 
tions^ successive wave forms of alternating 
electrical quantities are the same. This 
identity of form is expressed by the 
statement that the alternations are 
periodic, and, according to a mathematical 
theorem of Fourier, any periodic wave 
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form can be resolved into harmonic 
components, the frequencies of which are 
integral multiples of the fundamental 
frequency. 

This principle is illustrated in the accom- 
panying diagram, which shows a funda- 
mental harmonic or sine wave on which is 
superimposed a 
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WAVE ANALYSIS. Funda- 
mental harmonic with triple 
frequency harmonic superimposed 
(dotted curves) result in peaked 
wave (shown in full lines^. 

5 voltages 


second wave 
of triple fre- 
quency. The 
resultant wave 
is said to be 
peaky. Had the 
third harmonic 
been reversed 
at the time the 
fundamen t al 
was zero, the 
resultant wave 
would have 
been dimpled 
and flat topped. 

The wave forms of alternatiii 
met with in practice arc usually sine 
shaped, but non-sine sha])ccl or distorted 
waves of current often occur, when a 
circuit of variable impedance is fed by a 
sine-shaped voltage. A familiar example 
of a distorted wave of current occurs 
when a transformer is on o})en secondary 
circuit. Due to magnetic saturation, the 
impedance of the transformer is much less 
for high than for low values of the voltage, 
with the result that the wave form of the 
exciting current is peaky, as shown in the 
figure. The wave forms of alternating 
electrical quantities arc usually symme- 
trical about the zero axis. This denotes 
that the frequencies of the harmonics are 
all odd multii)les of the fundamental 
frequency. 

The analysis of a wave consists in the 
determination of the amplitudes and 
phases of the harmonics which are suj)er- 
posed upon the fundamental. The analysis 
can be carried out geometrically on an 
actual curve gi\ing the wave form, or 
electrically without the wave form being 
actually obtained. 

Harmonic Values. The geometrical 
method of wave analysis is too complicated 
to be dealt with completely, but the under- 
lying principle can be partly understood 
from an examination of the figure. It will 
be seen that the whole curve is divided 


into 12 parts by equally spaced ordinates. 
This is the construction for the determina- 
tion of the third harmonic, the half wave 
being divided into twice as many parts as 
are the order of the harmonic to be found. 

If we consider a set of three ordinates, 
spaced four sections of the curve apart, 
it is easy to see that the algebraic sum of 
these ordinates for the fundamental 
harmonic is zero, but that for the third 
harmonic they are all equal. Adding up 
such a .set of ordinates, we obtain three 
times the value of the third harmonic at 
one point on the time • axis. Adding 
similarly a second set of ordinates, dis- 
placed one section of the curve from the 
first, we obtain three times the value of 
the third harmonic for a phase 90 degrees 
displaced from the first. From the two 
values of the third harmonic so found, its 
amplitude and phase can be determined. 
The fifth harmonic is similarly found by 
dividing the curve into 20 parts. Having 
found the several harmonics, the magni- 
tude and phase of the fundamental are 
determined as a residue. For details as 
to the complete analysis of alternating 
waves, textbooks of A.C. theory must be 
consulted. 

The harmonics in the wave of an al- 
ternating current or voltage can be 
measured directly, by applying the 
voltage, or a voltage proportional to the 
current, to one circuit of a dynamometer, 
tlie other circuit of which is excited by 
sine-shaped voltages which are integral 
multiples of the nominal frequency of 
the wave under investigation. It is a 
fundamental principle of a dynamometer 
that no average torque is given unless 
the currents in its two circuits have the 
same frequency. If the testing voltage 
has the fundamental frequency, the read- 
ing of the dynamometer will correspond 
to the fundamental harmonic in the voltage 
tested. Exciting the dynamometer with 
a triple-frequency voltage, the response 
of the dynamometer is to the third har- 
monic only, and so on. In an instrument of 
this kind for wave analysis, means are 
provided for varying the phase of the 
testing voltage, and the amplitude of the 
harmonic is given by the maximum read- 
ing of the dynamometer as the phase of 
the test voltage is varied, while the phase 
of the harmonic with respect to the 
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fundamental is gi\’en by the phase of the 
lesting voltage at which the dynamo- 
meter reading becomes zero. 

WAVE FILTER. A dcvdce incorporated 
in wireless receivers to eliminate waves of 
undesirable frequencies, such as the 
upper side-band (q.v.). Modern, highly 


poles there will be p elemep.ts in , series 
between adjacent commutator segments. 
The principle will be understood by refer- 
ence to the diagrams. In Fig. i the series 
connexion can be traced out through the 
armature. 

There will be 2 ^ neutral points opposite 
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selective super-heterodyne sets incorporate 
a wave lilter in practically every stage, 
consisting of a combination of capacity, 
inductance and resistance, havnng a much 
lower im])edance to certain specified 
frequencies than otliers. The circuit is 
outlined in detail under the heading Filter 
[q.v.). Wave filters are also used extensively 
in telephone repeaters to sujipress the 
disturbing harmonics resulting in a pure 
fundamental oscillation. 

WAVE-LENGTH. The distance between 
corresponding phases of consecutive w’aves 
in a wave train, measured in the direction 
of propagation at any instant. 

The wave-lengths and frequencies of the 
most important ether waves are giv'cn above. 
See Frequency ; Kilocycle ; Wave. 

WAVE WINDING. Also known 
as series armature winding. One 
of the two main forms of armature 
winding, in which winding elements 
lying under adjacent pole pairs are 
connected in series, and the serie.s 
is connected to adjacent commu- 
tator bars. In a 4-pole machine there 
will be two winding elements in 
series, and in a machine with 2 p 


pole centres as sliow’n in Fig. 2. 
neutral points are joined 
b}^ a single w’inding element 
practically neut- 
lal, and there 
is no potential 
diiference b e - 
tween brushes 
at alternate 
neutral points. 

Theoi etically, 
two brushes, one 
positive and 
o n e negative, 
should suffice for 
a wave-w'ound 


Alternate 
together 
w'hicli is 


I I I ^ 1 S 1 C M 


7 I a I 



WAVE WINDING Fig. 1 (above). Winding e ements 
under adjacent pole pairs are connected in series. 
Fig. 2 (below). Connexion of coils to commutator 
segments. 
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machine ; in practice, except for 

smaller sizes, it is customary to divide 
the brushes up equally between all the 
neutral points, thereby reducing the risk 
of flash-over between segments. A 
comparison of the advantages of wave 
and lap windings respectively is given 
under the latter heading (q.v.). 

WAX. Waxes are characterized by their 
high dielectric strength, surface resistivity, 
chemical inertness and waterproofing qual- 
ities, and the fact that they melt at com- 
paratively low temperatures and re- 
solidify unchahged on cooling. In the 
electrical industry they are used either 
for their dielectric or waterproofing prop- 
erties, or both. True waxes are of animal 
or vegetable origin — those of chief import- 
ance for electrical purposes are beesw^ax, 
carnauba wax, spermaceti and Chinese w^ax. 

Beeswax melts at about 6o° C-b5° C, has 
a dielectric strength of about 250 volts/mil. 
and is used as an ingredient for certain 
types (T insulating varnishes, and of 
certain compounds used for impregnating 
cotton and silk covered wires and cables, 
('arnauba wax is similarly employed, and 
is used in the preparation of certain types 
of flexible varnishes for the enamel 
covering of w'ires. 

Mineral waxes, such as paraftin and 
rnontan wax and ozokerite, differ from true 
waxes in containing no oxygen, but have 
similar characteristics. Paraffin wax melts 
at temperatures from 45-cS()^ C., has a 
jierrnittivity ranging from i*(p2*3 (de- 
jjendiiig on its composition) and a dielectric 
strength of about 300 volts/mil. It is 
used in the manufacture of certain types 
of electrical condensers and small batteries, 
and is sometimes used for impregnating 
the cotton covering of wires, and also 
for impregnating thin electrical papers for 
use as interlayer insulation on small coils. 

Synthetic waxes, such as the “ Seekay 
manufactured by the I.C.I., are produced 
by the controlled chlorination of naph- 
thalene. Unlike natural waxes, “ Seekay '' 
waxes are non-inflammable, and may be 
obtained with m.p.'s ranging from 68° C - 
123° C. These have a permittivity of 
5*4, a volume resistivity of 2x10^^ 
ohms/cm^. See Insulation. 

WEDGE CONTACTS. F or currents 
above 600 amps,, and in many lower rated 
oil circuit breakers, the plain knife 


blade in laminated spring contacts is 
replaced by the wedge-shaped contact 
construction. This consists of an inverted 
V blade with sides sloping at 15 degrees, 
built up from two flat copper strips 
bolted to a supporting casting. Alterna- 
tively, a flawless cast copper blade may be 
employed, filed and whorled to give a 
true surface, and then coated with 
fine grease or petroleum jelly. 

Three-phase plunger switches usually 
have the three main wedge contacts 
cairicd on a horizontal insulated arm at 
right angles to the plunger rod. The 
three contacts are separated in the oil 
tank by elephant-hide partitions. 

Self-alining split contact fingers convey 
current to the blade, a number of inde- 
pendent contacts being thus obtained. 
Each contact surface is cleaned every 
time the switch is operated, due to the 
rubbing action, whilst the pressure of the 
fingers tends to help the springs which 
trip the switch. 

Replaceable copper sparking tips are 
often provided with wedge contacts to 
take the brunt of the sparking produced 
at make and break, being screwed on to 
each end of the wedged casting. Current 
densities up to 125 amperes per square 
inch and over may safely be dealt with 
by such contacts. See Circuit Breaker ; 
Contacts ; Knife Switch, etc. 

WEHNELT CATHODE AND INTER- 
RUPTER. An electrolytic interrupter 
acting on a somewhat different principle 
from those described under the heading 
Interrupter (q.v.). In this type a thin 
platinum wire forming one terminal is 
immersed to a greater or lesser degree 
through an aperture in a porcelain tube, 
the end of which is placed in a jar con- 
taining dilute sulphuric acid in the pro- 
portion of I oz. of acid to 5 oz. of water. 
The other electrode consists of a plate of 
stout lead sheet. A minimum electro- 
motive force of 25 volts has to be used 
with this type of interrupter to break 
down the electrolyte, and a current of 
not less than five amperes. 

The platinum is made the anode, and 
the lead the cathode. On closing the 
circuit, the density of the current is so 
great as to cause the formation of steam, 
and in addition electrolysis causes hydro- 
gen and oxygen to appear, these gases 
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forming round the anode an insulating 
mantle which interrupts the current. If 
there is a sufficient amount of self- 
induction in the circuit a spark appears 
at the point of “ break,” that is the anode, 
igniting the gases. A small explosion 
ensues, which gives the acid access once 
more to the platinum point, and closes 
the circuit again. This process goes on 
with extraordinary rapidity and regu- 
larity. 

The intensity of the discharge and the 
frequency of the interruptions can be 
adjusted between wide limits by varying 
the electro-motive force of tlic primary 


circuit, the exposed surface of the platinum 
point, and the amount of self-induction in 
circuit. The character of the spark dis- 
charge from a coil actuated by an electro- 
lytic break differs from that of a hammer 
or mercury break in an extraordinary 
manner, probably owing to its extreme 
rapidity of action, and the use of a con- 
denser shunted across the terminals of the 
break seems to be unnecessary. Great 
care is needed in experiments with these 
interrupters when substituting them for 
the mechanical or mercury types, or an 
excellent spark coil may be ruined in a 
few seconds. 


WELDING BY ELECTRICITY: MODERN METHODS 

By J. H. Paterson, D.Sc., F.I.C. 

This specialist subject is here dealt with by a specialist, the article being in 
two sections, Fusion Welding and Pressure or Resistance Welding, the latter 
including butt, spot and seam welding. The recently introduced atomic 
hydrogen method is also described. The special form of welding employed in 
accumulator work is described under Lead Burning. 


The oldest method of joining pieces of 
iron and steel consists in heating the 
abutting edges to a bright red heat and 
hammering till union is effected. Some 
of the iron is burnt to oxide or scale during 
this operation, and has a tendency to 
remain in the metal and thus cause a weak 
joint. This method of welding has always 
had unsatisfactory features, and until 
recent years it also suffered from the 
disadvantage of only being applicable to 
small articles. 

With the advent of the manufacture of 
combustible gases such as coal gas, and 
later acetylene, it was found that very 
high local temperatures could be produced 
by mixing these gases with oxygen and 
burning them in special burners. This 
temperature was so high that iron and 
steel could easily be melted locally, and 
even boiled, so that by melting the 
abutting edges of two pieces of steel plate 
till they ran together, and then allowing the 
job to cool, a weld quite free from slag 
and other impurities could be obtained. 
Welds made by the oxy-acetylene method 
are called fusion welds, to distinguish 
them from the old smith's weld which is 
now called a percussion weld. 

As all that is necessary to produce a • 
fusion weld is a source of intense local 
heat, the heat generated in an electric arc 


was used at an early stage in the develop- 
ment of fusion welds. To-day electric 
welding is much the most commonly used 
method of joining iron and steel, as well 
as aluminium and aluminium alloys and a 
number of other non-ferrous metals. 

Electric welding methods are con- 
veniently divided into two main groups : 
(a) fusion welding methods; (b) pressure 
welding methods. 

Electric Fusion Welding 

In this process the heat from an 
electric arc is used to melt the metal 
which is to be welded, and the variations 
of the process depend essentiaUy on the 
kind of arc which is used. The three 
common methods are : 

1. Carbon arc welding. 

2. Metallic arc welding. 

3. Atomic hydrogen welding. 

Carbon Arc Welding. A carbon rod is 
held in a special clamp or holder, which 
the operator manipulates with one hand. 
This holder is connected to one pole 
of a 6o-volt D.C. generator, and the work 
to be welded is connected to the 
other pole. Regulation of the current 
used is obtained by inserting a resistance 
in series with the arc in the welding 
circuit (Fig. i). The voltage drop across 
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the arc is from 30-45 volts, and the 
current strength required, which varies 
with the length of the arc, may be from 
100-600 amps, for welding steel castings, 
or from 30-300 amps, for welding steel 
plate. The process is largely used, in 
addition to welding up defective castings, 
for welding flanges to large diameter 
steel pipes. 

Metallic Arc Welding. The principles 
are the same as those employed in carbon 
arc welding, but a metallic rod of similar 
composition to the metal to be welded is 
used in the place of the carbon. 

Under the heat of the arc the metallic 
rods melt at the same time as the work 
melts, and the liquid metal from these 
two sources, joining together, produces 
the weld. The process is much faster than 
the older carbon arc method, and the heat 
generated is very much less, so that it is 
now usually regarded as the most im- 
portant method of welding metals, par- 


wire gauges. Various authorities have 
stated the exact mechanical properties 
which the deposited metal from an iron 
electrode must produce to meet their 
requirements, the average figures for 
mild steel welding electrodes being : 

Tensile strength : 28-30 tons per sq. in. 

Elongation on 8 ins. : 20 per cent. 

Impact value (Izod) : 40 ft. pounds. 

The average current strength required 
for the different gauges of electrodes 
varies with the thickness of the material 
on which the welding is being done, but 
it lies within the following limits : 


S.W.G. 

Current Strength (Amps.) 

4 

180-260 

6 

140-200 

8 

125-160 

10 

90-120 

12 

65-95 

14 

40-65 

16 

20-35 
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WELDING. Fig. 1. Resistance in series with the arc affords regulation 
of the current. 


ticularly iron and steel. The metallic arc 
rod which forms one pole of the arc 
is now always called the electrode, and 
these rods are usually covered with some 
material which will also melt in the heat of 
the arc, and perform the double function 
of fluxing out all the oxides from the 
melted metal, and also preventing the 
metal from becoming chilled by cooling 
too quickly, as it forms a kind of bleinket 
over the top of the weld metal. 

Electrodes vary very much in the 
method of manufacture, but they are all 
standard so far as size is concerned, 
being marketed in 18-inch lengths, of 
whidi one inch is left bare of coating so 
that the electrode holder may make 
proper electrical contact with the core 
wire. Different thicknesses of work call 
for different diameters of core wire, and 
these are always expressed in standard 
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Plant for Metallic Arc 
Welding (Single Operator). 

It is a phenomenon of the 
electric arc that it requires 
a much higher voltage to 
strike the arc than is needed 
to maintain it once it is 
struck. For easy starting 
a voltage of 60 with D.C., 
or 65/100, depending on 
the type of electrode, with 
A.C. plant which meets 
these requirements and at the same time 
gives smooth welding characteristics, is 
therefore necessary for good welding. 
When direct current is used, the arrange- 
ment shown in Fig. i for carbon arc welding 
gives satisfactory results except that the 
resistance (on a 6o-volt circuit) will be 
required to absorb from 35-40 volts, and 
carry currents for ordinary welding opera- 
tions up to about 250 amps. It is a common 
practice to place a special form of choking 
coil in series with the variable resistance 
in the welding circuit. If this coil has a 
sufficiently large iron core it helps very 
considerably to stabilize the circuit and 
makes welding easier for the operator. 

Special D.C. Generator. The overall 
efficiency of above type of plant is obviously 
very low, rarely exceeding 30 per cent., 
and various forms of welding generator 
have been designed to do away with the 
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external resistance. The generator most 
commonly used to-day is of the drooping; 
characteristic type, which has an open 
circuit voltage of from ()0 70, this voltage 
falling to the arc voltage immediately the 
arc is struck. A common method of con- 
struction is shown in Fig. 2. A shunt 
field taking its current either from the main 
dynamo or from a separate exciter pro- 
vides the main field excitation, and is 
regulated by means of a small series re- 
sistance. A series field, wound in the 
opposite sense to tlie shunt field, is also 
provided. When there is no load on the 
djmamo, the shunt field provides the 
necessary striking voltage, but when 
welding commences the opposed series 
winding partially demagnetizes the field 
and the voltage falls by a predetermined 
amount to the welding voltage. 

Regulation of the amount of current 
supplied by the dynamo is accomplished 
by the adjustment of the shunt-field 
resistance, and on standard machines gives 
a range of from 30 amps, to the maximum 
in about 5 amp. steps. The overall effici- 
ency of this type of dynamo may be a^ 
high as 65 per cent. It should be noted 
that the drooping characteristic machine 
is essentially a single operator machine, 
because as soon as the operator has 
started, the voltage falls to the welding 
voltage and it would be impossible for a 
second operator to cut in. 

A.C. Supply. When using A.C. for weld- 
ing, the necessary plant is extremely 
simple. A step-down transformer is re- 
quired to convert the main supply to the 
necessary welding voltage, which is usually 
a little higher than when D.C. is used. 
Most modern welding transformers have 
a tapped secondary enabling pressures of 
60, 75 and 100 volts to be obtained. By 
this means the requirements of different 
makes of electrode, which vary somewhat, 
are' fully met. Regulation of the current 


supply is obtained by 
means of a choking coil of 
the usual A.C. type. In 
some forms of this coil the 
regulation is accomplished 
by drawing the laminated 
core out of the coil either 
by hand or by a worm 
screw arrangement, while 
in other types the core is 
fixed, and the coil is tapped at appropriate 
intervals to give current strengths from the 
minimum to the maximum with 10 amp. 
intervals. In Fig. 3, which shows the usual 
arrangement of a transformer and choke 
unit, the choking coil is of the tapped type. 

The welding arc can, of course, only be 
maintained on one phase of a polyphase 
supply, so that when single operator 
equipment is to be considered there is 
always an out-of-balance load on the phase 
supplying the welding current. The 
majority of transformer equipments which 
are sold for one welder liave a single 
pha.se primary winding only, and are con- 
nected to one phase of t he incoming supply. 
Some supply authorities prohibit this 
practice, however, and transformers are 
made with the primary Scott connected 
(see Scott Connexion) for the three-phase 
supply, the secondary being single-phase 
as usual. Fig. 3 already referred to shows 
the external connexions of such a type. 

Power Factor Improvement. The power 
factor of a single phase A.C. circuit is 
obviously ver}^ poor. The usual open 
circuit voltage is 75, and this has to be 
choked down to 25 volts for ordinary 
welding, so that the best power factor 
obtainable will be something less than 
33 per cent, or 0-33. Usually it is about 
31*5 per cent., although this is sometimes 
improved on by lowering the open circuit 
voltage below 75. 

There are two alternative methods of 
dealing with this problem, both of which. 
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however, have drawbacks. In the first 
case a bank of condensers can be in- 
corporated in the primary circuit, with 
sufficient capacity to bring cos B back 
nearly to unity. This device is expensive 
and can lead to complications if a number 
of welding transformers are in use. 

In the second case the choking coil is 
abandoned altogether, and regulation of 
the current supply is carried out by using 
a variable resistance in series with the arc, 
exactly as when dealing with the fixed 
voltage D.C. welding circuit. In this case 
the main drawback is that the character- 
istics of the current supply are not suited 
to welding owing to the voltage wave 
form, and also that a large amount of 
current is dissipated as heat. One manu- 
facturer of welding plant partly meets 
these problems by supplying a regulating 
unit for a welding transformer, which com- 
bines a choking coil and a resistance, so 
that the power factor is increased to about 
Co per cent, and the losses in the series 
resistance are halved. 

Plant for Metallic Arc Welding (Multiple 
Operator). In places where a number of 
welders are employed the joint cost and 
upkeep of a number of separate welding 
plants leads to the necessity for the 
employment of single plants capable of 
supplying several operators. When direct 
current is employed for welding, the 
simj)lost and best plant is the fixed 
voltage (()0 volt) generator supplying a 
number of welding circuits each with its 
own regulating resistance, and, if necessary, 
its choking coil. If these circuits are 
connected in parallel as many welders 
can be placed in circuit as the capacity 
of the generators will allow. Large 
numbers of such units have been made in 
recent years with generators having a 
capacity of i,ooo amps., which is sufficient 
to supply eight welders on ordinary 
welding work. 

When A.C. transformers are used, the 
.simplest plan is to instal three-phase to 
three-phase transformers, each of the three 
secondary circuits supplying one welder. 
A certain amount of balance is thus kept 
on the load between phases and the cost is 
kept within reasonable limits. 

Atomic Hydrogen Welding. This pro- 
cess, which originated in the United States 


of America, is of recent origin, but 
promises to have a number of useful 
applications. In it an alternating current 
*arc is maintained between two tungsten 
electrodes, and a stream of hydrogen gas 
is blown through the arc core, the high 
temperature of the arc completely dis- 
sociating the mass of gas in contact with 
it. This dissociated, or atomic, hydrogen 
diffuses from the core to the cooler 
regions, where it recombines to the 
molecular state. In doing so the hydrogen 
gives up the energy which it has previously 
absorbed from the arc and produces, at a 
spot about half an inch in front of the 
tungsten arc, a small zone of extremely 
high temperature (3,700° C.). This hot 
spot is used for welding very much as in 
oxy-acetylcne welding, a filler rod of 
uncoated wire providing the necessary 
welding material. 

The A.C. arcs used in this process are 
fairly long and take the form of a fan 
between the tips of the tungsten electrodes. 
There is usually about 90-volt drop across 
the arc, and the open circuit voltage 
required to maintain it is about 300. 

The lay-out of the plant is shown 
diagraminatically in Fig. 4. As the atomic 
hydrogen plant, like the ordinary A.C. 
arc welders, uses a single-phase supply, 
out-of-balance loads are created on three- 
phase circuits, and modified plant has 
been recently introduced to correct this. 
In this plant three tungsten electrodes 
arc used instead of two, so that a three- 
phase instead of a single-phase arc is 
created. 

Pressure or Resistance Welding 

In this process an alternating current of 
high amperage (up to 50,000 amps.) and 
low voltages is passed through the parts to 
be welded, these parts being brought close 
up to one another and held in special 
holders before welding commences. At the 
point of contact of the two parts being 
welded a considerable amount of heat is 
generated and the current is passed long 
enough to allow of a welding temperature 
being attained (generally a white heat). 
The current is then switched off and 
mechanical pressure applied, consolidating 
the material and making a sound weld. 

Electric resistance welding machines 
are divided into three main groups. 
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hydrogen valve. 10. Gas tube. 11 Auto regulating valve. 12. Hydrogen 
cylinder valve. 13 and 14. Pressure gauges. 15. Hydrogen cylinder. 


depending on the type of operation which 
they are designed to perform, as follows : 

(1) Butt welding machines. 

(2) Spot welding machines. 

(3) Seam welding machines. 

In all these machines the power supply 
must be alternating, so that where only 
direct current is available a rotary con- 
verter or motor generator must be used. 
For loads up to 15 kilowatts the rotary 
converter is satisfactory, but for higher 
loads it is preferable to put in a motor 
generator, as the latter machine permits 
of overloading while the former does not. 

Each welding machine contains its own 
transformer as an integral part of the 
machine, and as the secondary winding 
must carry high current at very low 
voltages it must be very massive. In 
fact, it often consists of a series of copper 
or gunmetal castings, and may have only 
one turn round the core of the transformer. 

Butt Welders. In this form of machine, 
which is shown diagrammatically in Fig. 5, 
the parts to be joined are clamped in two 
jaws forming the terminals of the second- 
ary winding, contact being maintained 
either by automatic means or hand 
pressure. When a high enough tempera- 


ture has been reached the 
metal becomes plastic, and the 
two ends are forced together, 
thus forming a sound weld. 
This method is called "slow 
upset " welding. 

When welding thin metals, 
however, difficulties are expe- 
rienced with this method, and 
what is known as the " flash " 
welding system was introduced, 
which allows of all types of 
material being undertaken 
quite easily. The only differ- 
ence is in the application of 
the current. With the " slow 
upset” method the parts are 
lined up in contact, pressed 
together, and the current then 
switched on. In " flash ” weld- 
ing the current is switched on 
before the parts make contact. 
They are then brought slowly 
together, and when they just 
make contact an arc starts to 
form and continues until the 
two ends are incandescent and above 
welding temperature. The ends are then 
rapidly forced together and the current 
switched off. In addition to giving better 
all-round results, " flash ” welding saves 
as much as 50 per cent, current. 

Spot Welders. The parts to be welded are 
placed between and in contact with two 
pointed or other shaped copper electrodes. 
Each electrode is connected to one terminal 
of the secondary winding of the trans- 
former, and when the current is switched 
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WELDING. Fig« 6. Connexions of spot welder. 
A. Transformer, magnetic circuit. B. Transformer, 
primary winding. C. Transformer, secondary wind- 
ing. DD. Electrodes. EE. Material to be welded. 
F. Plug box, 1, 2, 3, 4. G. Plug box, fast and slow. 
H. Main switch. JJ. Water cooling. K. Auto trip 
switch. LL. Source of single-phase A.C. supply. 


on the metal between the electrodes heats 
up till it is sufficiently plastic to allow of 
a weld to be made by pressing the elec- 
trodes together (Fig. 6). In order that 
the electrodes may be renewed as they 
wear away, the tips are renewable, and 
are often made of special metals which, 
in addition to being of high conductivity 
to enable them to carry the current 
without overheating, are also resistant 
to wear and burning. The electrodes are 
always arranged so that cold water may be 
circulated through them, which also 
increases their life. 



Mild steel can be economically welded 
up to 075 in. in added thickness, but 
above this the electrodes are too expensive 
and the wolding is uncertain, and the 
indentation caused by the electrodes 
pressing into the softened plate may 
become so big 1 
as to spoil the | 
weld. 

Seam Wel- 
ders. When 
overlapping 
pieces of plate 
or other mate- 
rial are welded | 
by the spot 
processe 5 \, t h e ^ 
finished result will not be watertight unless 
the spots are made to overlap one another. 
This is a difficult and lengthy process, and 
special machines known as seam welders 
are used when the seams of drums, etc., 
are being welded. 

The seam welder is similar in con- 
struction to a spot welder, but instead of 




Fig. 7. Connexions for seam 
welder. A, Magnetic circuit. B 
Transformer primary winding. 
C, Transformer secondary winding. 
DD, Electrode rollers. EE, Material 
to be welded. F, Plug box on 



welder. G. Plug box 
on choker f4 speeds). 
H. Main D.P. switch. 
J, Rotary choke. K, 
Contactor. L. Push- 
button control box. 
M, Main leads. 


passing the work between two pointed 
electrodes it is pressed between two 
power-driven discs. Two water-cooled 
copper discs are connected, one with each 
end of the secondary winding of a trans- 
former (Fig. 7). Electric current passes 
between these discs, and welding is 
caused by pressing the discs together all 
the time the work is passing ^rough them. 
To prevent the work from* reaching too 
high a temperature, and thus burning, 
the current is switched on and off at 
regular rapid intervals by means of a 
power-driven switch. By this means the 
equivalent to a series of overlapping 
spots is obtained. 

In the diagram, this power-driven switch 
is replaced by a choking mechanism 
which gives the current a regular pulsating 



Fig. 6. Example of welded top-plate of a round tank 
circuit breaker. Fig. 9. Welding with, metallic arc. 

Ferguson, Patlin, Ltd. 
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effect, and is the patented method of 
construction used by British Insulated 
Cables, Ltd., in their make of machines. 
In this machine the electrodes rotate 
intermittently, making 5 to 12 steps per 
inch of circumferential movement. The 
pulsations of current synchronize with 
these steps, and is arranged that when 
the electrodes are standing still the 
highest current is applied, and while they 
arc moving the current is reduced so much 
that the metal between the rollers does 
not reach welding temperature, and hence 
does not burn or stick to the rollers. 
Added thicknesses up to | in. can be 
welded by this process. 

AU the above pressure welding processes 
are chiefly applied to mass-production 
methods, and the principal articles manu- 
factured by them are as follows : 

Butt Welding. Wire joining, car and 
cycle rims, hooped metal casements, 
steel pipes and flanges, cutlery, motor 
valves, etc. 

Spot Welding. Metal toys, culinary 
instruments, metal containers of till kinds 
which are not required to be watertight. 

Seam WeiIbing. Steel barrels, drums, 
hot- water boilers, jugs and kettles. 

WESTON CELL. Alternative name foi 
the cadmium cell, adopted as a standard 
of electrical pressure by the International 
Conference of Electrical Standards lield 
in London in 1908, and fully described 
under the heading Cadmium Cell. 

WET BATTERY. Batterv. 

WHEATSTONE BRIDGE. Device for 
measuring an unknown resistance by 
means of a known resistance. It consists 
of a network of six conductors joining four 
points, and was invented by S. 11 . 
Christie, of the Royal Military Academy 


at Woolwich. Sir Charles Wheatstone 
pointed out the immense importance of 
the device to electricians, and it has come 
gradually to bear his name, though he 
gave the credit to Christie. 

Fig. I shows the circuit diagram of the 
usual form of Wheatstone bridge. Rj, R2, 
R3, and R4 are four resistances joined as 
shown at the points A, B, C, D. From B 
to I) is a conducting path which can be 
opened or closed by a key, K,, and which 
has a galvanometer in it. From A to C 
there is a conducting path witli a l^attery 
key. Kg. 

Suppose the key is open and the 
key Kg is closed. Then a current from 
the battery will divide at A, part of it 
going along A B C and part of it along 
ADC. There will be a fall of potential 
from A to C, but since in the two branches 
ABC and A D C the fall is the same from 
A to tiie point (', there will be a point in 
ADC at which the potential is the same 
as that of a selected point in A B ('. Sup- 
pose the point B is selected in A H C, and 
suppose the potential at some point D in 
A D C is the same as that at B. Then if 
the points B and D are joined by a con- 
ductor in which there is a galvanometer, 
no current flow will be indicated, the 
pointer of the galvanometer not deflecting. 

Now the differences of potential be- 
tween A and B and between A and D arc 
the same, since B and D are at the same 
potential ; and the differences of poten- 
tial between B and C and D and C are the 
same. So we can write down the following 
equations : — 

P.D. between A and B -- P.D. between 
A and D, and P.D. between B and C = 
P.D. between D and C. 

If Ij, Ig, I3, I4 are the currents in R^, 

^unerllnrt\ 1 




WHEATSTONE BRIDGE. FIr. 1 (left). Circuit diagram of common Wheatstone 
bridge. Fig. 2 (centre). How plugs and resistance wires are used in the Post 
Office type. Fig. 3 (lower, ri^t). Modification known as the slide-wire bridge. 
Fig. 4 (top, right). Adaptation to wireless A.C. 
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Rj, R3, R4 respectively, we can write these 
two equations down as 

IiR^ = I^R^ 

^2^2 ~ ^3^3 

or, dividing one equation by the other, 
iiRi _ I4R4 
I2R2 13^3 

But as the galvanometer current is zero 
the current in A B, i.e. Ij, is equal to the 
current in B C, i.e. 1 2 » similarly, I4 equals 
I3, so that 

JR,_R 4 

Rjj R3 

From this equation it is clear that if 
the resistances of three of the arms of 


of the circuit, the current passing from one 
brass block to the next through the plug, 
so that the removal of a plug increases 
the resistance of the circuit. The coils, it 
will be noticed, are non-inductively wound. 
The top of the box is of ebonite and the 
brass plugs have ebonite tops. In the 
Post Office type the ratio arms consist of 
eight coils having resistances of i, 10, 100 
and 1,000 ohms, while the measuring arm 
consists of sixteen coils of i, 2, 3, 4 ; 10, 20, 
30, 40 ; 100, 200, 300, 400 ; 1,000, 2,000, 
3,000 and 4,000 ohms, so that with all 
the plugs withdrawn there is a total re- 
sistance of 1 1, 1 10 ohms in this series of 


the bridge are known, the resistance of 
the fourth may easily be calculated, or if 
the resistance of one conductor adjacent 
to the unknown resistance 
is known, and the ratio r / 

ol the other two resistances ( 

is known, the unknown 
resistance can he found. 

The resistances R^, Rg, R^, 'y 
R, arc generally known as / a ^aaa/ 
the arms of the bridge and WVW' 

1 ) B as the bridge wire. 

It is usual in practice to 

liave the two resistances ^ 

R,, Rg, called the ratio Wheatstone e 
arms, fixed and in a decimal q and'^sVre'^ 
ratio to one another, e.g. 

1.000 ohms to one ohm, or c be adjusted ur 

1 , ^1 does not kick whe 

10.000 ohms to 100 ohms, then constants of 

and so on, while the 


WHEATSTONE BRIDGE. Fig. 5. Use 
of bridge ^or measuring inductance. P, 
Q and S are non-inductive resistances 
Key A should be closed before key B 
to obtain steady balance. If condenser 
C be adjusted until galvanometer G 
does not kick when A is closed after B, 
then constants of opposite arms will 
be «>qua!. 


coils. By withdrawing two plugs in the 
ratio arms any decimal ratio from i,ooo 
to I may be obtained. 

On the left of where the 
ratio joins the measuring 
arm is the galvanometer 
terminal, on the right 
the battery terminal, and 
N. below the resistance ter- 
minals for the insertion of 
the unknown resistance. 

II Fig. 3 shows another 

c arrangerhent of the Wheat- 

stone bridge, often known 

DGE. Fig. 5. Use as the slidc-wire bridge, 
ng inductance. P, i t • j 

uctive resistances Here a uTiilorm rcsistauce 

‘‘ce. ‘’ifV'ndense® "irc ABC has a sliding 
galvanometer G COntaCt, B, COnnCCted tO 
)posite arms will the galvanometer. The 
circuit is identical with that 


re.sistance R.,, the measuring arm, js 
variable, and Rj is the re.sistance to l:e 
measured. 

The unknown resistance is inserted in 
the circuit, and R3 varied until the gal- 
vanometer reading is zero, when R4 can be 
calculated. 

A common form of Wheatstone bridge 
is that known as the Post Office pattern, 
shown in Fig. 2. In this wT.ll-known pat- 
tern there are a number of coils of known 


shown in Fig. i, and has been lettered in a 
corresponding way. By sliding the con- 
tact B along the wire we can obtain the 
balance when no current passes through G, 
and we get, as before, Ri/R2=R4/R3. The 
ratio Rj to Rg is the same as the ratio of 
the lengths of A B to A C, so that if 
A B has a divided scale attached to it 
and Rg is known, R4 may be found. 

Use of Wheatstone Bridge for Measuring 
Inductance. The inductance of a coil 


resistance arranged so as to form three 
arms of the Wheatstone bridge. The ends 
of the coils are fastened to solid brass 
blocks separated from each other, a por- 
tion of each gap having a circular conical 
hole made in it, into which conical brass 
plugs can be inserted. Fig. 2 will make 
this internal construction clear. 

When a plug is inserted it is clear that 
that particular resistance coil is cut out 


means the number of lines of force 
induced in it by a unit current circu- 
lating round the coil, multiplied by the 
number of turns of the doil ; that is, 
by the number of times the circuit en- 
closes those lines of force. Experimental 
methods of determining this quantity are 
nearly all based on a modification or 
adaptation of the Wheatstone bridge. 

The resistances have first to be balanced. 
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in the ordinary way, under conditions 
which enable the current to have a steady 
value. And then the current is made to 
vary, so as to exhibit the disturbance of 
the balance due to the inertia or induct- 
ance of the coil ; that is to say, its choking 
effect on a varying current. 

The simplest mode of varying the 
current is a make-and-break arrangement, 
in which case a galvanometer can be used, 
preferably a ballistic galvanometer (q.v,), 
to measure or indicate the momentary 
impulse or disturbance. An absolute 
measure can be got with a ballistic gal- 
vanometer, but the more usual method 
is to make compensating adjustment, so 
as to reduce the momentary disturbances 
to zero. 

Another plan, used in comparison and 
null methods, is to vary the current 
sinuously, as by a vibrating reed or 
rotating armature, with a rapidity suffi- 
cient to give a musical note ; and then a 
telephone is used as the detecting instru- 
ment in the cross-arm of the bridge instead 
of a galvanometer. 

Further modifications and applications 
of the Wheatstone bridge principle will be 
found described under Bridge (q.v.). See 
also Anderson’s Bridge ; Carey Foster 
Bridge ; Sobering Bridge, etc. 

WHITTAKER PROTECTIVE SYSTEM. 
A system of feeder protection employing 
separate copper shields and lead sheaths 
to each phase, with the trip coils con- 
nected between the shields and the 
cores. Normally the shields and their 
respective cores are at the same potential, 
but on the occurrence of a fault, current 
flows from the core through the shield to 

Outer tead sheath 
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Circuit Breaker 


WHITTAKER PROTECTIVE SYSTEM. At applied 
for protection of feedera, the trip coils being con- 
nected betweei: core and shlelcT. 


earth via the trip coil and the circuit 
breaker operates. The insulation between 
core and shield is considerably reduced 
from that between the shield and the 
outer lead sheath, whiph must be capable 
of withstanding full pressure to earth, the 
trip coils being insulated to withstand the 
same. 

The system may be applied to bus-bar 
and switchgear as well as to feeder pro- 
tection, the chief disadvantage being the 
manufacturing difficulty of producing a 
satisfactorily insulated sheathed cable for 
high-tension work. For other systems of 
feeder protection see Protective Devices. 


WHITWORTH THREADS. One of the 

standard forms of screw threads 
adopted in this country and widely 
employed in all engineering applications. 
The relative 
dimensions are 
given in the 
diagram, illus- 
trating the 
standard Vee 
thread at an 
angle of 55°, 
with one-sixth 
of the depth 
rounded off at 
top and bot- 
tom, the depth 
being equal to 
0*64 pitch. In 
the case of square threads the depth 
equals 0*475 pitch. The thickness of the 
nut is equal to the diameter of the bolt, 
whilst the width across the flats of the 
nut equals diameter -f Jth inch. 

For tables of Whitworth’s threads and 
comparison with other standard forms see 
Screw Threads. 



T 

WHITWORTH THREADS. Di- 
mensions end angles of standard 
thread. I is angular depth of 
thread, d the diameter of the bar, 
Dn the internal diameter of the nut. 


WIEN BRIDGE. An A.C. bridge net- 
work for the measurement of the capaci- 
tance and effective A.C. insulation resist- 
ance of a condenser. In this network the 
condenser under test is connected on 
the one side to a standard resistance 
and on the other to a standard condenser 
in series with an adjustable high resistance. 
The fourth arm of the bridge is an adjust- 
able resistance, and a vibration galvano- 
meter is joined to the terminals of the 
fixed and variable resistances. When 
the bridge is brought into balance, as 
shown by a null reading on the galvano- 
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WIMSHURST MACHINE. This photograph gives a 
clear view of the variable spark gap fitted with in- 
sulated handles, which enables the length of the spark 
to be regulated while the machine is being operated. 


meter, the capacitance and effective insula- 
tion resistance of the condenser under 
test can be calculated from the values of 
the components of the bridge network. 
See Bridge. 

WIMSHURST MACHINE. Name given 
to a particular type of apparatus 
employed for experimental purposes in 
connexion with static electricity. Essen- 
tially, the instrument consists of two 
insulated plates set on a common spindle 
and capable of revolving at high speeds 
in opposite directions. Around the circum- 
lerence of the plates a niunber of segments 
of tinfoil are pasted. The current induced 
between the opposing sections in opposite 
.segments is picked up by means of 
metallic arms fitted with soft brush 
contacts. 

Two or more Leyden jars are usually 
incoi-porated to give intensity to the 
spark, with a variable spark gap fitted 
with insulated handles, so that the length 
of the spark may be regulated while the 
machine is in operation. 

WINDING. The active current-carrying 
conductors of a piece of electro-magnetic 
apparatus such as an electro-magnet, a 
dynamo, a motor, a transformer, etc. See 


Armature ; Coil and CoD Winding ; Con- 
ductor ; Copper ; Rotor ; Stator, etc. 

WINDING DIAGRAM. In the same 
way that a blue-print conveys to the 
wireman or electrician the exact con- 
nexions of a circuit, the winding diagram 
provides the armature winder with a 
diagrammatic representation of the type 
and nature of the winding and the course 
of the circuits through the armature. 
The whole scheme of winding is, of course, 
worked out beforehand and the results 
may be recorded in a winding table, 
which is perhaps the simplest way of 
issuing instructions to the workshop. 

Winding diagrams, however, give the 
designer a much better grip of the problem 
and enable him to see more clearly the 
effect of his combinations. There are 
several methods of drawing out such 
diagrams. The principal methods may 
be conveniently referred to as (a) the 
end-view ; (b) the developed ; and (c) 

the radial. The three types are illus- 
trated in the diagrams. It must be 
emphasized that such diagrams make no 
attempt at correct scale or exact relative 
positions, but merely illustrate the scheme 
of winding. 

An example of (a) is given in Fig. i, 
showing the end-view diagram of a four- 
pole wave winding. The front or com- 
mutator end connexions are shown with 
full lines, and the back connexions at the 
other end with dotted lines. This par- 
ticular diagram shows how with a 



WINDING DIAGRAM. Fig. 1. End-vi«w diagram 
of a four-pola wave winding. 
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WIPE CONTACT. Any contact in 
which one surface slides over another 
during whole or part of the time of 
contact may be termed a wipe contact. 
See Contact Surfaces. 


WINDING DIAGRAM. 
Developed diagram of a 
wave winding. 


F*g. 
four-pole 


mul tipolar wave-wound 
machine it is possible to 
arrange the connexions so 
that only two brushes arc 
required Wave Winding). 

The developed diagram for 
the same machine is shown in 
Fig. 2. This is obtained from 
Fig. I by supposing the 
cylindric surface of the arma- 
ture, as viewed from the 
inside, to be divided between 
conductors 1-22, and tlien unrolled and 
laid out flat, with its conductors lying on. 
it in their proper places. The four polar 
surfaces appear as a background, and the 
end connectors are laid out as sloping 
lines on the same flat surface. The com- 
mutator bars appear in section at the top 
of the diagram, and the positions of the two 
brushes are indicated by — and -f signs. 

The radial form is illustrated in Fig. 3. 
In this form the active conductors are 
shown as short radial heavy and numbered 
lines between two concentric circles, and 
the commutator bars appear between two 
inner concentric circles. The connectors 
at the commutator end are shown in the 
annular space between the commutator 
and the active conductors in the polar 
gaps, which are shown wide for clearness. 

WINDING FACTOR. See Spread Factor . 
WINTER-EICHBERG-LATOUR MOTOR. 
A repulsion motor (q.v.) in which power 
factor is improved by feeding the brushes 
from a transformer secondary, the primary 
being in series with the stator By tap- 
pings easy starting is facilitated. Such 
motors are extensively used for traction. 



Fig. 3 Radial diagram of a six pole wave winding. 


WIRE. Many forms of wire are em- 
ployed in electrical work, ranging from the 
line wire thread u.sed in instruments to tlie 
relatively large strands which compose a 
stranded cable. Copper and aluminium 
are the materials commonly adopted, but 
certain special forms of wire arc utilized 
for specific purposes, as described under 
Resistance Materials (q,v.). 

Wire is generally sold by gauge num- 
bers. The British Standard Wire Gauge 
(q.v.) is the legal gauge in Great Britain. 
Details of the various sizes of the respective 
gauges may be found under the headings 
A.W.G. ; B.W.G. ; Gauge; S.W.G., etc. 

Accurate data regarding the resistance, 
weight, and usual thickness of cotton 
insulation of standard copper wires are 
given in the table on page 352. The 
sizes of round wires given are those usually 
employed in dynamo work. Sizes of wire 
smaller than a No. 16 are rarely employed 
in machines of any size, and larger wire 
than the No. 8 becomes unwieldy, and 
copper strip is resorted to for heavier 
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sections. For strip windings for armatures, 
the copper is usually bent to shape by the 
manufacturer bare, and taped in a taping 
machine with cotton tape for use, though 
for armature work laminated copper 
strips are often employed, and in this case 
the conductor will be braided with cotton 
braid about 25 mils thick, as the ordinary 
cotton covering is not sufficiently tough 
for heavy copper bars. 

House Wires. The conductors used for 
house wiring arc either solid copper wire, 
or, in the case of larger conductors, a 
number of wires stranded together, tinned 
on the surface in order to prevent the 
insulation with which they are in contact 
Irom corroding them, and enclosed in a 
layer of vulcanized indiarubber or other 
insulating material. Upon this is wound 
one or two layers of insulating tape, and 
the whole is then braided over and proofed 
with insulating compound to protect it 
from moisture. The sectional area of any 
copper conductor should not be less than 
that of a No. 18 S.W.G. wire, and single 
wires should not be used in sizes greater 
than No. 14 S.W.G. , as wires smaller than 
No. 18 arc liable to accidental fracture, 
even inside the covering, while being 
installed, and wire larger than No. 14 may 
be damaged if bent at too sharp an angle. 

Conductors of greater sectional area 
than No. 14 S.W.G. sliould consist of 
smaller wires stranded together to form a 
cable ; in this way greater flexibility is 
obtained, and for this reason it is good 
practice to use none but stranded con- 
ductors in house wiring. 


The cooling surface in small wires is 
much greater in proportion to the section 
than in large ones, and for this reason 
small wires can carry more current per 
unit of cross-sectional area than large 
ones for a given rise of temperature. The 
current-carrying capacity of conductors 
is discussed both under the headings 
Conductor, Current-Carrying Capacity, 
and also under Fuse (q.v.). See also 
Aluminium ; Cable ; Copper ; Flexible ; 
Joints, etc, 

WIRED WIRELESS. A system by 
which intelligence is transmitted over 
wires by means of high-frequency cur- 
rents. tuned circuits being used at both 
sending and receiving ends as in radio 
communication. The high-frequency cur- 
rents are modulated according to the 
signal or speech frequencies to be con- 
veyed and act as a means of carrying the 
low-frequency variations in the same 
manner as the high-frequency carrier 
waves in radio transmission convey the 
modulation frequencies. 

The particular advantage of such a 
system over ordinary telegraphy or tele- 
phony is that a number of separate and 
distinct messages can be sent simul- 
taneously on separate carrier-frequency 
currents, being selected at the receiving 
end by tuned circuits. The system has 
not come into very general use because of 
the attenuating effects of lines on H.F 
currents. 

WIRE GAUGE. See British Standard 
Wire Gauge ; Birmingham Wire Gauge ; 
Brown & Sharpe Wire Gauge. 


WIRING AND ITS PRACTICAL APPLICATIONS 


By Donald Smeaton Munro, M.J.E.E. 

After dealing with the various rules and regulations which govern wiring, 
the following pages attempt to give the student or the general reader a short 
but comprehensive survey of the several ways whereby wiring is commonly 
applied for practical purposes. Incidentally, most of the chief difficulties 
encountered by the designers and fitters of wiring are indicated and the approved 
means of making installations safe are described. See also Buildings, l.E.E. 
Regulations ; Cable; Conduit and Conduit Systems ; Copper ; Current Capacity; 
Joints ; Lighting Fittings ; Wiring Regulations, etc. 


The electrical industry now ranks as 
one of the chief of the world’s occupations 
and wherever there are electrical appli- 
ances some wiring is necessary. Electrical 
wiring and installation work is of the 
greatest consequence as it is the most 


universal requirement ot the industry. 
The fact that wiring work has to do with 
the infinite ramifications of electricity on 
the credit side of the meters in itself 
raises the subject to the peak of im^xirtance 
when money counts for so mu^. The 
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varied and increasing number of manu- 
facturing processes also connected with 
installation materials and the number of 
fitters thereof substantiate the boast that 
the installation section regularly employs 
a greater number of skilled electrical 
workers than any other in the industry. 
The way in which systems and appliances 
elude the standardization experts is 
further proof of the irrepressible activity 
of this sometimes lightly despised but 
most vital branch of electrical engineering. 

The coming of the " Grid in Britain 
has brought a host of new wiring diffi- 
culties yet to be solved in a satisfactory 
way. Short-circuit values have grown 
greatly with interlinked stations, heavy 
mains and the bigger capacities of in- 
stallations due to the free use of cookers 
and heaters. The effects of surge currents 
have to be guarded against and also the 
increased dangers owing to final standard 
A.C. pressures of 230 and 400 volts. 

The comparatively recent introduction 
of ranges of moulded insulating materials, 
such as bakelite, has given a new orienta- 
tion to designers of wiring appliances, 
and some encouragement to those who 
set their hopes on insulation ** rather 
than “ earthing ’* as a safeguard. 

The effective life of these materials, 
however, under practical conditions and 
subject to electrical stress, has yet to be 
ascertained, and we must keep in mind 
that in our humid climate, and especially 
in definitely damp places, water or even 
a slight film of moisture over a synthetic 
resin insulating component annuls its 
comparatively mild insulating qualities 
and is quite effective in conveying shock 
(see Plastics ; Synthetic Resin). 

All approved public supply now has a 
neutral or earthed wire, consequently 
the greatest safety is attained when the 
coverings of appliances liable to become 

live are also earthed. The question 
of earthing on installations is associated 
with cut-out protection and it is likely 
that the next few years will witness a 
greater tendency towards the adoption 
of small automatic cut-outs (see Miniature 
Circuit Breakers) in place of the slower 
acting and somewhat more unreliable 
method of fuse protection. 

The extension of rural work has increased 
the field of application for small electro- 
magnetic devices. 


Wiring Rules 

The LE.E. Regulations. At the beginning 
the insurance people in this country took 
a proper active part in the regulation of 
wiring and, outstandingly, the early rules 
of The Phoenix Assurance Co. did much 
to direct pioneer electrical work on sound 
lines. For a long rime after 1882 (in 
which year the Institution of Electrical 
Engineers published the first edition of 
their Rules and Regulations for the 
Prevention of Fire Risks arising from 
Electric Lighting *') the Phoenix Co. 
continued to issue their own particular 
and in many ways superior directions. 
Now practically all the insurance com- 
panies, including the Phoenix, have 
nominally the LE.E. regulations, but 
make little effort to enforce them. Since 
1924 these have borne the official title 
of “ Regulations for the Electrical Equip- 
ment of B-*.ildings (see Buildings, LE.E. 
Regulations and Wiring Regulations). 

In spite of the sometimes conflicting 
interests, and possibly owing to the skill 
of the editing sub-committee, the LE.E. 
Regulations constitute a very fair general 
guide to good average practice and there 
are now available to earnest wiremen 
several simplified interpretations of these 
regulations. It is, perhaps, unfortunate 
that the regulations have of necessity 
to deal at greater length with the best and 
most complete systems such as screwed 
conduit. The minor and inferior methods, 
with comparatively little space devoted to 
their restrictions, have thus by a negative 
virtue of the regulations acquired since 
the war period a commercial impetus 
sufficient to ensure the bulk of housing 
schemes being made less safe for democracy. 

The LE.E. Regulations cover the range 
of methods of wiring to be described and 
their compilers state as a preliminary 
that some are more suitable than others 
for a given set of conditions, but no system 
is most suitable for all conditions. Safety 
from fire or shock is obtainable by any 
one of the systems, they say, provided 
that it is selected according to working 
pressure, atmospheric conditions, class of 
building and size of installation. 

It is very necessary for those who 
practise wiring to make themselves quite 
familiar with the details of the !.£.£. 
Wiring Regulations, and copies can be 
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obtained at the offices of the Institution, 
Victoria Embankment, London, W.C.2 
(is. 2d. post free). They are further con- 
sidered in pages 155-56 and under Joints, 
and extracts from the loth edition are also 
given the heading Wiring Regulations itself. 

The importance of the I.E.E. Regula- 
tions is evident from the fact that not 
only the insurance companies, but the 
National Register of Electrical Installa- 
tion Contractors have adopted them, and 
in The Supply Regulations of 1934 
the Electricity Commissioners have now 
given these particular regulations the 
widest general application. 

Rules for Factories and Places of 
Entertainment. For factories there are 
the appropriate Regulations for the 
Generation, Transformation, Distribution 
and Use of Electrical Energy in Premises 
under the Factory and Workshops Acts,** 
also put forth by the Home Office. These 
are interestingly annotated at great length 
by the Senior Electrical Inspector of 
Factories (see Home Office Regulations). 

In 1923 the Home Office also issued 
'' Electricity Regulations for Cinemato- 
graph Theatres,*’ and the work in all 
picture houses must now conform to these 
requirements. The various H.O. regula- 
tions are obtainable from H.M. Stationery 
Office, or through any bookseller. 

The London County Council have also 
drawn up a set of rules and regulations 
for places of entertainment. These 
L.C.C. rules have been widely adopted 
in other districts. It is often difficult to 
interpret the specific electrical require- 
ments of County Council authorities, 
and it is sometimes hard to obtain their 
presumably skilled opinions, official sanc- 
tions and necessary certificates. A re- 
curring clause " as the Council may 
consider necessary,” has no doubt justified 
some inspectors holding up quite a few 
sparkling shows at the last minute. Big 
stage work has now chiefly drifted into 
the hands of a few firms who know the 
L.C.C. ropes thoroughly. Others, it is 
feared, sometimes find compliance with 
the vague but insistent requirements of 
Council theatre inspectors rather analogous 
to squaring the circle. In spite of all the 
bureaucratic safeguards or obstacles, it is 
not often that anyone acquainted with 
the subject is impressed with the high 
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quality of the wiring details evident in 
places of public entertainment. 

Inspection of Wiring. The necessity 
for thorough wiring inspection must 
become more urgent as time reveals the 
faults incipient in the post-war "go as 
/you please ** period. The insurance com- 
panies are not very interested in small 
dwelling-houses, but the County Councils 
and Corporations are, and they must find 
that the policy of accepting the lowest 
tender will involve big outlays for ex- 
amination prior to replacement. 

In America the making of a National 
Code of Wiring Rules, the selection of 
materials, and the control of inspection 
are all in the hands of a Board of Fire 
Underwriters. The adoption of that 
system is in the present writer*s opinion 
logical and proper. In Britain only a few 
insurance companies now retain the ser- 
vices of skilled wiring inspectors. But we 
have Government departments as the 
Admiralty, War Office, Home Office, Post 
Office, etc., all with their quota of more or 
less qualified inspectors. There is a con- 
siderable organization of inspectorship 
connected with the Factories Act and the 
Wiring Regulations. Every considerable 
municipality and supply company has 
its band of inspectors, and in 1933 the 
National Register of Electrical Installa- 
tion Contractors set up its own indepen- 
dent organization to deal with the examin- 
ation of wiring work. In the near future 
this big question of wiring inspection must 
command more comprehensive attention 
from the industry and from the nation 
than has hitherto been accorded. 

Training of Wiremen. " A fool with 
pliers in his pocket,” was how some very 
superior electrical engineers were wont to 
describe the wireman. The description 
has long ceased to have point. The trained 
modern wireman can well hold his head 
up in the confraternity of tradesmen, for 
his is a long, arduous period of learning 
before he is fully qualified. 

In addition to a thorough grounding in 
electrical principles he must ever keep 
up to date by text-book, periodical, class 
and lecture. He should have the ability 
to make neat drawings and to interpret 
plans. The variety of the materials 
he works in gives him some knowledge 
of the problems and practices of the 
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crafts of the builder, blacksmith, car- 
penter, plasterer and decorator. His is 
not a periodic trade, there is work for the 
first-class wireman all the year round, and 
there is in it the spice of great variety. 



WIRING. Fig. 1. Combined cutting pliers and wire* 
puller. 


He is familiar with machines and their 
operation, but is rarely, like the factory 
hand, tied to the monotonous workshops 
for ver^^ long. Chiefly his jobs lie in the 
towns, but there are chances of pleasant 
breaks in the country and occasionally 
opportunities for finishing off installations 
during trial trips at sea. A father con- 
sidering a career for his son may still 
favourably regard the role of wireman or 
installation engineer. There is no doubt 
that the best approach is through ap- 
prenticeship in a good contracting firm, 
accompanied by a course of evening 
cla.sses. If beforehand he has a technical 
college diploma or a degree in science it 
is, of course, all to the good in increasing 
his usefulness, and perhaps his salary, 
later on. Even in the worst periods of 
trade depression it has been proved that 
the really dependable installation engineer 
rarely lacks employment. 

The comparatively easy way of enter- 
ing the trade by being taken on as an 
improver or wi reman s mate has perhaps 
increased in some areas, but is not so 
thoroughly well adapted as the appren- 
ticeship method to give the best results, 
although, of course, much depends on the 
individual, and it takes a lot to keep back 
the man who, not having earlier chances, 
is determined to acquire the requisite 
knowledge and skill. 

Wiring Methods 

Wiring methods may be separated into 
two main classes — those which have an 
insulating material as the outer protector 
and those in which the covering is of 
metal. 

In the first class are wood casing and 
capping ; tough rubber sheathing ; china 


insulator systems and the like. Steel 
conduits, lead-covered cables and copper- 
covered cables are typical of the second 
category. Detailed descriptions of methods 
in both divisions are given under their 
own headings in this work, but it is 
fitting to give here comments on both the 
principles employed and certain aspects 
of their application. In all such writings, 
and especially where comparisons as 
between types are made, there must be a 
certain amount of apparent prejudice 
induced by personal experience. The 
writer believes, however, that he has 
stated the case for or against the various 
methods in a reasonably fair way. Under 
their individual headings in other pages 
the details and distinguishing character- 
istics of the proprietary branches of wiring 
systems are more particularly described. 

Wood Casing. In Britain, but never 
much on the Continent or in the United 
States, wood casing had great popularity 
for wiring. The " National Electrical 
Code '' of America is much less indulgent 
to woodwork than our I.E.E. Wiring 
Regulations. In America to-day casing 
or raceways must be coated externally 
and internally with two layers of water- 
proofing and impregnated with a moisture 
repcllant and a barrier of not less than 
I inch must be interposed between cables. 
Hardwood only is recommended in that 
country, although the U.S.A. was the 
chief exporter of soft butternut casing to 
us in the old free trade days. 

Wood casing is still employed some- 
times on British ships and in India, but 
it may now fairly be classed as an obsolete 
conveyance for wiring. As a pioneer 
system applied to our w'ell-built older 
buildings, it was excellent w'hen properly 
planned and installed. At first the wires 
of differing polarity were carefully kept 
wide apart in special grooves, and 
numerous ingenious bridge devices w'ere 
used for crossings and at tee branches for 
the dividing of polarity. 

In the original stages the wood casing 
and moulded capping were of generous 
proportions. The multiple grooves were 
nicely calculated to retain the various 
sizes of insulated cables by the mere 
elastic compression of the rubber insula- 
tion. The casing was mitred and half- 
checked at tee branches and corners, and 
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skilfully " dooked ” or plugged to walls 
by conscientious Victorian carpenters, and 
where extended across ceilings, wood 
casing was often a work of symmetrical 
art. The necessity for employing skilled, 
carpenters as well as electricians for casing 
jobs often led to disputes and occasion- 
ally to mild strikes. Altogether the pro- 
cesses of installing the original wood 
casing of shellac varnished yellow pine 
or teak were not cheap, but they were 
amply justified as they afforded an excep- 
tionally long life to the original rubber- 
covered cables, and kept them free from 
all condensation troubles. Later, however, 
2- and 3-groove casings and cappings of 
scanty dimensions were freely imported 
from abroad, and the growing practice of 
bunching cables in one groove at last led 
to a general failure of confidence in wood 
casing — especially when erected by wire- 
men with blunt tools. 

Tough Rubber Sheathing. Following 
wood casing in popularity as an insulated 
outer protector came Cab-Tire Sheathing 
{q.v,). This registered trade name could 
not be, as sucli, definitely advertised by 
the I.E.E. Wiring Rules Committee, so 
it was officially classified under “ Tough 
Rubber Sheathing.'' 

The credit ot ushering in this supremely 
simple covering for wires belongs to the 
St. Helens Cable and Rubber Co., Ltd. 

This class of cable is now issued by 
practically all the members of the Cable 
Makers' Association in similar shape to 



WIRING. Fig. 2. Bakellte Junction box for single- 
core T.R.8. cable. Fig. 3. Bakelite tee box, designed 
for quick wiring. 

General Electric Co , Ltd., of England. 


their very uniform range of small lead- 
covered cables for wiring, e.g. as single, 
as twin and as triple core in sizes from 
I/-044 to 7 /-o 64 for the single and twin, 
and I/-044 to 3/‘036 for the triple pattern. 
It is obtainable in grey or white colours. 
The protective is especially tough, and 
the cable may be buried direct in plaster 
or exposed to surface moisture or sunlight 
with a fair measure of hope for security. 
The boxes used with C.T.S. are now 
generally of bakelite, which may be sealed 
with a plastic compound for moist 
situations. 

In places where brine and other more 
corrosive fluids are about or where steam 
or acid fumes are abundant, this class of 
cable may most fittingly have those 
patterns of specially designed china junc- 
tion, .switch and fitting boxes which are 
provided with scaling channels and 
chambers filled with oil or with semi-fluid 
compound. Under such severe conditions 
the general runs of the wiring are best 
conveyed on ebonite cleats which space 
the cables out from the walls. In normal 
situations it is wise to have fibre saddles 
rather than the metal variety. C.T.S. 
cables are very convenient for outside 
decorative lighting schemes, but probably 
this robust yet clastic protector of cables 
fulfils its particular functions best as a 
covering for flexible cables. Flexibles 
covered with C.T.S. do not kink readily, 
and are well suited for vacuum cleaners 
and other household and workshop appli- 
ances. In a thicker form, C.T.S. has proved 
of great service for use in mines and ship- 
yards for trailing to portable tools. 

China Insulators. As air is an insulator, 
bare conductors supported on china or 
gla.ss insulators may fairly be classed 
among the insulated systems. Now, how- 
ever, bare copper wires are seldom em- 
ployed indoors except for collectors or 
trolley wires for travelling cranes or for 
battery connexions. Such exposed wires 
must only be applied in places not ordin- 
arily accessible to unauthorized persons. 
Occasionally in farms, factories or places 
ot temporary entertainment insulated 
wires are run on insulators to the lights 
and switches. These are generally of 
cleat form with smooth or rounded edges 
which will not indent the braiding. The 
cables used are, as a rule, of V.I.R. 


1409 


lA 4 


WIRING 


insulation, and when passing through 
floors or partitions they must be protected 
by metal or china tubes. If such cables 
are brought through party walls or fire- 
resisting floors the holes must be plugged 
with some non-ignitablc material to con- 
form to I.E.E. regulations. Knob wiring, 
as practised in America, or stud wiring 
with twisted flexibles, as used in Germany 
and Italy, never had a vogue in this 
country, and these transient methods, are 
now rarely employed in the lands where 
they were originally adopted. 

For outside use, such as railway yards, it 
is now usual to employ cables of the 
P.B.J. class, which are hard-drawn and 
have insulation of impregnated paper with 
lapping and braiding of cotton all well 
coated with waxy compound. Aerial 
cables with braiding run cooler in the 
small sizes, while bare cables are cooler 
under load in the larger sizes. In the 
latter case the cover acts as a lagging, 
and in the former has a radiating effect. 

Those who, like the wTiter, have 
experimented with enamels as a practical 
wiring insulation, have been disappointed 
by their liability to crack or crumble on 
bending after a few years in use. 

Lead and Lead Alloy. Lead seems to 
possess of all metals certain desirable 
inert yet ductile qualities and affords 
a reasonable degree of mechanical pro- 
tection. Even by the early nineties, 
however, contractors and consultants had 
become a little anxious about the com- 
position of the lead and its methods of 
application. The original lead presses 
worked at comparatively high tempera- 
tures which had no good effect on the 
pure Para and vulcanized rubber used 
underneath the lead for insulation. Fre- 
quently after the early cables were care- 
fully installed under the best conditions 
they became afflicted with numerous 
blow-holes, due possibly to grains of oxides 
or sulphates embedded in the purer lead. 
Sometimes it took a few years for these 
inherent chemical faults to develop their 
own class of breakdown, but in the in- 
terval the weight of lead when supported 
in clips and its differing rate of expansion 
from the copper conductor accentuated 
the susceptibility to fracture. Incipient 
longitudinal splits and developed blow- 
holes and transverse cracks were no 



WIRING. Fii^. 4. Surface wiring Junction box for 
standard lead-covered cable. 

General Electric Co., Ltd., of Enuland. 


recommendations to the choice of lead- 
covered wiring method. It was also found 
difficult to make satisfactory soldered 
joints to boxes and tee-pieces and to avoid 
blow-holes when sealing these with soft 
solder. 

With the lead protection great care was 
requisite to avoid contacts with wood 
which was likely to get damp, for then the 
metal in proximity soon became trans- 
formed into the crumbling powder of 
white lead. Dead leaves, wet plaster 
and walls or flooring containing traces of 
ammonia were all dangerous in the 
neighbourhood of lead cables. Lead 
sheaths were also very susceptible to 
electrolytic faults (it should be kept in 
mind that this action requires a potential 
difference of little more than i volt). 
To guard against this particular trouble 
the cable was sometimes wiped with 
vaseline mixed with sodium silicate where 
laid near other metal pipes. This is 
obviously an unsatisfactory expedient for 
everyday wiring. 

As was early found wdth compo pipe, 
some alloy or mixture of lead with other 
metals tends to give more strength and 
cohesion, and chemists all over the world 
are still evolving composites many of 
which give improved mechanical proper- 
ties over pure lead, although it is still 
doubtful if any such alloy is really more 
resistant to corrosion. 

Lead never had sustained popularity 
for wiring work until in 1911 Henley's 
special metal -sheathed system came 
on the market. This brighter and 
harder kind of metal cable covering was 
marked out for favour by the compilers 
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of the (8th Edition) I.E.E. regulations, 
and its composition came under the 
definition of ** a covering containing not 
less than 95 per cent, of commercially 
pure lead (the remainder consisting of 
rarer metals).*' 

The demand for this special metal " 
sheathed cable became very widespread 
and it was soon copied by the other manu- 
facturers, nearly all of whom also issued 
varieties of light metal stamped boxes and 
continuity fixtures for use with this 
smart - looking cable. Although it was 
primarily to secure a measure of water- 
tightness and continuity that lead was used 
for house wiring, nearly all the ranges of 
junction and outlet boxes did not, and still 
do not, ensure the first quality and they 
only inadequately provide the second. The 
practice of fitting stamped rings and other 
sketchy bonding devices under wood 
blocks has very obvious dangers ; they 
are out of sight when in place and the 
metal is too close to the live parts of 
connectors, etc., to be quite safe. These 
objections also apply to the now common 
bare earth continuity wires now some- 
times included under the cable sheathing. 

The wiring regulations specify a con- 
tinuity test for resistance after erection. 
Few exponents of this class of wiring 
consistently carry out such tests and 
fewer still would care to speculate on how 
long the continuity conditions can re- 
main stable with slight, clamped contacts 
on a material so soft, yielding and in- 
elastic as lead, especially when oxidation 
and dust and paint have combined to 
fill up the numerous free air passages 
which are features of the characteristic 
continuity clamps and most of the 
stamped boxes marketed for lead alloy 
systems. 

Copper Sheathing. Copper, if it be 
thick enough, would appea!r to be the 
ideal outer metallic covering for wiring. 
Only occasionally in the last half century 
has the price of copper been so low as in 
recent years. So, lately, quite a con- 
siderable number of installations have 
been carried out in copper tubing of a 
gauge comparable to the common steel 
conduit. To be consistent the junction, 
draw, and outlet boxes used with copper 
pipes should be of cast bronze, but the 
delays consequent in manufacture and 


price of these sp)ecial fittings put obvious 
limits to their general application. There 
are practical difficulties in the drawing 
down of stout copper pipes into a solid 
drawn close sheathing for cables after 
the manner of the familiar ** special 
metal " systems, and the high cost of early 
copper strip sheathings which had a 
longitudinal brazed seam put them very 
much out of ordinary consideration. 

The most extensively used copper- 
sheathed wiring system is the “ Stannos " 
(q.v.). This type of cable is free from 
most of the faults of lead ; sagging, de- 
centralization and crystalline cracking are 
avoided and it is rodent and vermin 
proof. The mechanical protection is not 
so complete as with steel conduit. 

Owing to the specially neat appear- 
ance and comparatively long life of this 
make of wire it may form a useful supple- 
ment to a first class conduit installation in 
those parts of a fine building where the 
wiring must be exposed and where 
elaborate wall or ceiling mouldings have 
to be neatly negotiated. This tinned 
copper covering is obviously specially 
applicable to use as a concentric system, 
and is practically the only make of cable 
now used to any extent in that way in 
this country. 

Wiring Distributive Systems 

Constant Current System. This is more 
than a mere example of ordinary wiring 
distribution. It is a distinct and generally 
self-contained electrical system wherein 
all the lamps or consuming devices are 
connected in series and demands switches 
of special design which never completely 
break circuit. 

The constant current series system 
applied at first to arc lamps is now 
occasionally used in Britain for heavy 
auxiliary power purposes in ships and for 
certain types of crane and haulage plant 
where it has some advantages in simplifica- 
tion ot control gear. When this method 
is adopted no part of the system should 
be earthed and it is most important that 
the insulation of all conductors and 
appliances be fully maintained against 
sudden stresses. The operation of all 
switches must be effected without breaking 
the main circuit, and when any appliance 
is switched off it must be entirely dis. 
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tOMPARATlVE TABL* OK DISTRIBUTION SYSTEMS 
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cjnnected on both poles from the system. 

In America especially, outside lighting in 
tandem is still employed and there such 
circuits arc generally on A.C. supply, 
which means in almost all cases that the 
series circuits are fed through a constant- 
current regulator. Such a regulation, or 
alternatively a .series lighting generator, 
maintains a definite current value regard- 
less of the devices in.serted in circuit. A 
great drawback to constant-current sys- 
tems for indoor use is that the pressures 
involved are e.xcessive and consequently 
an accidental break in the circuit is apt to 
produce vicious and persistent arcing. 
The advent of the (irid " in this country 
has practically disqualified further develop- 
ment in constant-current apparatus, but it 
is well to have some acquaintance with 
the peculiar possibilities. On this system 
the same size of conductor is maintained 
throughout. A current of 6*6 amperes is 
the mo.st usual standard and many thou- 
sands of volts are generally impressed on 
such constant-current circuits. Precautions 
have to be taken accordingly. 

Ring Main System. In certain circum- 
stances, to guard against interruption or 
to maintain a practically constant voltage, 
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it is desirable to 
plan the feeders 
for branch wiring 
on the Ring Main 
system (g.v.). This 
arrangement is 
common on town 
service mains and 
on battleships and 
is sometimes ap- 
plied to factory or 
large office instal- 
lations. There is 
some resemblance 
to the constant- 
current lay-out in 
this method of 
maintaining con- 
stant voltage by 
means of a pair of 
ring mains. The 
generator or other 
source of energy 
feeds a pair of 
cables which indi- 
vidually form a 
continuous though 
generally very irregularly shaped ring. 
Sets of double pole fuses are fitted at the 
T point of supply to the ring and at 
branches therefrom for distribution fuse- 
boards. Varying loads on these fuseboards 
are compensated for volts drop irom either 
direction on the ring mains. Complete 
severance of the mains, as by gunfire, a 
navvy’s pick or other cause, does not 
isolate any distribution fuse box. As 
electric heating increa.ses in favour there 
will probably be an increase in this often 
economical method of arranging feeders 
for fluctuating loads even in the smaller 
installations. 

Earth Return and Concentric System. 

Like the ring method the earth return 
system was primarily associated with 
ships, and the principles are much the same 
as those of concentric systems. Single pole 
fuses are used. The generator feeds the 
distribution boards by a single positive 
cable. The negative or '' earthed ” cable 
is connected to the vessel’s steel hull or to 
the outer metal sheathing in the case of a 
concentric system. The live wires are led 
to the switches, then to the lamps and 
finally to the ship framework or to the 
metal concentric cable cover. 
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This principle of wiring is attractive 
in theory but has not on the whole been 
very successful in practice. On ships 
great trouble has been caused by 
corrosion and chemical action at the 
numerous hull junctions and by the 
readiness of the live cables to find 
unexpected leakage paths. On land 
work the liability of concentric systems 
to cause unforeseen difficulties is also 
considerable. The disabilities are multi- 
plied now that there is so much demand 
for multiple switch control points on 
modern installations and when bell or 
signalling systems and telephones are 
energized inductively by transformers. 

Tree System. This plan of wiring 
dates also from the genesis of electric 
lighting in the early eighties. In prin- 
ciple it means that trunk, branches 
and .sub-branches of any constant 
voltage distributive system are each 
provided at the root or radiating point 
with fu.se protection. Many of the 
original wood casing installations were 
arranged thus and furnished with 
diminishing .sizes of china rectangular 
D.P. fuses as the circuit reached its final 
attenuations. In some of the first 
installations overloads were so finely 
safeguarded that each pendant or 
branch switch was arranged also with 
an S.P. fuse, the positive excess being 
protected on the switch and the negative 
in the ceiling rose. A modern recurrence 
of this primal lay-out is the application 
of supplementary fuses on a sub-circuit 
for such delicate appliances as electric 
clocks and radio. 

Distribution Fuse Box System. This is 
by far the most usual wiring arrangement. 
It is applied to the smallest County 
Council house and to the very largest 
lighting and power installations. In the 



WIRING. Fig. 6. Representation of switches ir 
wiring diagrams (Above) Pilot or detective switch , 
(below) three-way switch. 

A. i*. Lvndberu tf Soiim. Ltd 



ALL-OR-PART-AND-OFF.’ 



Fig. 5. Representation of switches in diagrams. 
The symbols starred are not generally used, but 
represent alternative positive of switch contacts. 

A. V. LundOera it Sons. Ltd. 

first example the supply cables generally 
enter a small service box which contains 
a pair of sealed fuses. The small main 
cables then pass on to feed, say, a splitter 
switch fuse (q.v.). That is the name for a 
small double-pole main .switch which, 
in the same case, contains more than one 
pair of fuses. From the two or more pairs 
of fuses branch circuits are led to supply 
the lamps in the liou.se. There is some 
risk of these little splitter switches 
disappearing in one good flash in the event 
of a short circuit on '' Grid " supply net- 
works. That is one reason why larger 
installations have separate main switches 
and distribution fuse boxes. 

A hou.se or office having, say, loo or 
somewhat fewer lamps may be provided 
with a lo-way fuse box, or it may, more 
conveniently, have two 5-way boxes or a 
6- way and a 4- way box. When there are 
two or more distribution fuse boxes, it is 
good practice to provide a main distribution 
fuse box from which the sub-distribution 
fuse boxes are indirectly fed. This system 
has the advantage over the tree lay- 
out that fuses are concentrated at easily 
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located positions. In larger industrial 
installations and in buildings such as 
modem hotels, where the main and sub- 
main cables must carry heavy loads, it is 
usual to fit automatic cut-outs or circuit 
breakers [q,v,) instead of fuses, and m 
some cases that alternative form of 
circuit protector is adopted through- 
out even to the smallest sub-circuits 
(see Miniature Circuit Breaker). 

Balance of Wiring. Most public 
services are now from 3 - phase 
4-wire cables, and in the larger 
towns one house or office is generally 
balanced against another (see Balanced 
Load, page 106). In such cases the 
question of balance does not trouble 
the wireman, for each set of premises 
is fed by one live cable and a neutral 
through a simple double-pole main switch 
and D.P. fuse board. 

In most rural districts, however, and 
for the larger buildings in towns, the 
services consist of 2- or 3-phase wires and 
neutral. In such cases it is necessary to 
allocate approximately equal numbers of 
lamps, heaters, or other consuming de- 
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vices over the 2 or 3 phases. Very often 
the supply authorities give directions as 
to the division of the phases. In a medium- 
sized house, for instance, they may direct 
that all the lights be put on one phase 
and the heating sockets on another. Here, 
of course, two D.P. 
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Fig. 7. Representation of switches in 
wiring diagrams. 

A. P. Lundbarg A Bont, Ltd. 
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diagram for distribution fuse 
system. 


main switches are 
called for. 

Fora large 
building in town, 
Afa/r> Switch or even for a com- 
paratively small 
house at the far 
end of a rural line, 
they may demand 
that the lights be 
divided among the 
3 phases and that 
the power or 
heating sockets be 
in the 
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Fig. 8. Limple 2-wire service treated 

same manner. So 
the formidable 
minimum of six distribution boards 
will be required, and if separate main 
switches and meters are needed for the 
lighting and the heating, then two 
each of ** 3“pole and neutral " type are 
indicated. Some authorities forbid this 
type of main switches and demand the 
fixing of six D.P. switches, three each for 
lighting and heating. 

There is, of course, a much higher 
pressure between one phase wire and 
another than there is between any phase 
wire and neutral. Therefore it is most 
desirable to keep appliances fed from 
differing phases far apart. This is often 
difficult to ensure in practice and in- 
dicates the great need for efficient ** earth 
wire protection on each appliance. 

Circuits and Sub -Circuits. In 

land, now, it is almost standard 
tice to feed lighting sub-circuits 
double-pole (nominal 15-amp^re) 
tributing fuse boxes, and it is advisable 
that the cables for each circuit should run 
in separate conduits ; this limits possi- 
bility of cross-over connexions on the fuse 
board. These mistakes are more common 
than supposed and lead to fatalities. 

A sub-circuit may serve a maximum of 
10 lighting points. Although the smallest 
fuse bridges in general use are designated 
15'ampdre size, it may be laid down that 
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an ordinary house or office circuit should 
not carry more than 600 watts. Heating 
circuits for radiators are generally served 
by D.P. (nominal 30-amp^re) distributing 
fuseboards if more than one 15-amp^re 
outlet is provided per circuit. When 
tubular or other form of non-radiant 
heaters are installed, there may be 
several outlets fed even from 13-ampere 
size fuses. In some such house or office 
installations the fuse boxes are provided 
with small neon lamps which glow when 
their individual circuits are in use. The 
added first cost is compensated by the 
ready indication and disconnexion of 
wasteful heaters. Wiring methods for 
heaters or motors are comparatively 
straightforward compared with lighting or 
for mixed lighting and heating circuits. 

Combined Lighting and Heating Circuits. 
The popularity of two-part tariffs has led 
to many buildings having their lighting 
and heating energy recorded on one meter. 
Unless the heaters are few and small, it 
is undoubtedly the riglit thing to provide 
separate lighting and power fuse boxes, 
even if the sub-mains to these meet at 
the main switch. When only one fuse box 
is fitted for the sake of economy, definite 
circuits are best allocated to serve indi- 
vidual heating outlets. In some districts 
it^ has become an unwritten rule that 
these circuits should be at the right- 
hand of row of fuse carriers. In outl3dng 
rural places, where a moderately sized 
farmhouse is supplied by three phases, 
it becomes a virtue sometimes to feed 
the radiators and lights thus from the 
same fuse box, for this tends to ensure 
that all the appliances in any apartment are 
fed from the same phase. The post-war 
period has brought a great multitude of 
small houses on to the mains, and in many 
of these heating and lighting points are 
fed from the same sub-circuit. The 
practice can only be defended if the 
heating point is the first outlet to be 
fed from the board, and the lights looped 
on thefeaftcr. Even then the circuits 
are fit only for small bowl fires and irons. 
The indiscriminate selling of 2 and 3-unit 
radiators and wash boilers from show- 
rooms and stores has led to much trouble 
among small and cheaply wired houses. 


so joint boxes are now chiefly used as 
convenient draw-in and passing-through 
receptacles for looped cables. . 

There is an astonishing variety in the 
methods whereby a wireman may plan 
or lay out his circuits. The superior way, 
probably, is to serve a multiple rectangular 
•box placed in a strategic position amid 
the relative light and switch points and to 
radiate therefrom to the various points. 
On the branches from this box it is quite 
legitimate to employ other smaller branch- 
ing boxes to lessen inordinately long loops. 
Of course, this method is not best adapted 
for lengthy circuits as in corridors or in 
extensive factory runs. Some wiremen 
accomplish all their circuit wiring without 
going beyond the utilization of circular 
I, 2, 3 and 4-way boxes. These may be 
of the standard Universal type or some- 
thing a little more roomy. This teeing 
method of circuit planning is specially 
convenient for surface wiring, although 
for conduit systems it entails larger sizes, 
as a rule. Both the above-indicated main 
principles in circuit lay-out are applicable 
with lead-sheathed and with tough rubber 
systems. With these, of course, it is not 
usual to adopt looping to the same extent 
as with conduit, and every box will 
contain a junction of some kind. 

Joints and Connexions on Circuits. 
There is still nothing so reliable and last- 
ing as the soldered and well-taped joints 
on circuit cables, although the modern 
thimble-shaped china connectors with 
tapered interior threads are wonderfully 



WIRING. Fig. 9. Method of connexion of looping 
boxes with tapped holes, using brass bushes and 
solid couplers. 

General Klectrif Co., hid., of En|rlan4. 


Circuit Box Selection. Joints on circuit 
wiring have largely gone out of fashion, 
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Sun IClectriral Co , Ltd 

good substitutes. The advent of A.C. lia^^ 
largely discredited the formerly common 
china connectors provided with set- 
screws. All joint boxes should be of a 
size and shape which provides a little 
slack at the cable ends. Employers often 
do not realize what martyrdoms are en- 
tailed by the effort to secure reasonably 
permanent contacts in nasty little boxes, 
especially in those types where pinching 
screws are employed on fixed china blocks. 
See further under Connexions and Joints. 

Looping. The looping of wiring is a 
subject on which there has always been 
some difference of opinion. Looping is a 
method of avoiding joints, but nearly 
always introduces considerable additional 
cable. It is sometimes applied to sub- 
mains at distribution fu.seboards, in which 
case to comply with I.E.E. Regulations 
there should be no diminution of cable 
sizes. Generally, looping is confined 
to sub-circuit work and in a more or 
less modified form to suit the particular 


conditions. When a sub-circuit is com- 
pletely looped, all the junctions between 
cable ends are made at the light or switch 
or socket terminals. As an additional 
assistance in limiting excessive lengths of 
cable, switches and ceiling roses are avail- 
able provided with three in place of the 
normal two terminals [see also diagrams, 
page 776). 

In factories, etc., where there are long 
rows of lights, it is obviously easier and 
better to bare an inch of cable at 
each ceiling rose and to bind the bared 
loop in the terminal rather than make 
two joints at each fitting. Again, at points 
where there are two or three branch 
switches together it is a .simple matter 
to bare and double and in.sert the supply 
wire in the first switch, repeat with the 
following .switch, and carry on to the third 
or final switch. These are typical cases 
where looping is the best method. Even 
then, however, the current for sub.sequent 
lights or switches has to pass through 
the small dry joint in the first looped 
terminal, sometimes cau.sing undue heat. 
It is frequently nece.ssary to cut away a 
strand or two of entering cables at the 
small hole in terminal and the danger of 
that is obvious. 

When looping is applied to conduit 
work the .sizes may have to be cop- 
siderably increased to suit I.E.E. limita- 
tions of number of cables. 

When applied with lead-sheathed cable 
or cab tire, consistent looping often calls 
for the use of single core cable. 

On the other hand, looping is of advan- 
tage in the tracing of faults and lessens 
the need for examination of concealed 
junction boxes. 

Wiring and Connexion of Fittings. 

Whenever possible, from the electrical 
point of view, it is desirable to carry the 
ordinary circuit cables direct without 
break through the bracket or ceiling 
fitting into the lampholder. Far more 
could be done in this regard if the makers 




WIRING. Fig 



12. Method of looping-in to 
ceiling roses. 
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of electrical fittings would assist. Un- 
fortunately, those men who specialize in 
design are apt to ignore the practical 
difficulties involved in wiring and con- 
necting their products. Narrow ij-inch 
backplates and ceiling plates offer trials 
to the electrician who has provided outlet 
boxes with standard 2-inch centres. 

Square and triangular tube sections and 
sharp bends in fittings are among the 
causes of grey hairs on wiremen. Insult 
to injury is added when all the negotia- 
tions regarding fittings, including the 
financial, have been arranged without 
reference to the contractor. Fittings 
ordered by architects very usually arrive 
wrong length, wrong colour, wrong back- 
plate, wrongly wired, and wrong method 
of fixing and wrong insulation test. But 
up they somehow go ! Under modern 
supply conditions a greater proportion 
have to be earthed. So more attention 
must in future be given to practical points 
in fitting design. The writer has been 
saying this for twenty years. 

On simple pendants and ceiling fittings 
some of the risks are got over by the in- 
creased popularity of bakelite in place of 
brass. For outside or watertight fittings 
all-china holders are superior to others. 
Such fixed fittings and those near exposed 
conduits, stone floors, water or gas pipes 
should, of course, be earthed to comply 
with regulations. The need for earthing 
under such conditions is equally im- 
' perative for portables. 

Good quality flexible cord should always 
be used for fittings, and on no account 
on 3-core flexible should any core other 
than the “ White '' be used as the earth 
connexion. Joints between flexibles and 
hard wires should be made by means of 
china connectors, especially in these days 
when fashionable people need to change 
their fittings every season, and the cleanly 
class finds that all the colour comes off 
the sprayed glass creations in the wash. 

Planning Wiring. The wise architect sub- 
mits his building plans at an early stage to a 
competent installation engineer and weighs 
his advice with regard to adequate spaces 
and roads for the electricity installation. 
Mostly, architects act otherwise, however, 
and seem to forget all about the electrician 
until the last minute, with the result that 
the difficulties and costs are increased. 


Estimates for electrical work are often 
accepted before the contractor has had 
more than a somewhat grudgingly granted 
glance at the plans, but he generally re- 
ceives a set along with the letter of 
acceptance. 

The plans are handed to a foreman, 
who proceeds to pore over them and mark 
in likely places for the fuseboards, etc., 
and measures up the lengths for mains 
and sub-mains. It is rarely wise at this 
stage to do much circuit planning. To a 
practical electrician the best methods of 
dealing with the sub-circuits suggest 
themselves on the site. There may, for 
instance, be stone, rubber laid, parquetry, 
or tessellated floors which call for special 
floor boxes or the adoption of draw-in 
methods betwSen switch and fitting box 
without the intervention of other junction 
or draw box. The plan probably does not 
indicate where such floors are. Nor may 
it show what space is available below floor- 
boards. 

Procedure and Practice 

In many cases with small and medium- 
sized private and business installations no 
special plans are prepared. Accompanied 
by the prospective consumer one goes 
round the various apartments and marks 
on wall and floor the proposed positions. 
When directed to proceed with work it is 
necessary to fill up and get the consumer 
to sign an application form for the supply 
undertakers, giving the number and sizes 
of lamps, radiators and the like, and stat- 
ing whether a special circuit is wanted for 
cooker. The supply undertakers will then 
send to point out the position of the 
.service and at which point they will fix 
the sealed service fuses and meter. Very 
often the undertakers do not earth these 
appliances, but this bad example must not 
be imitated elsewhere on the installation. 

As near as possible to the service fuses 
the main switch or switches should be* 
erected. In selecting the type of switch, it 
may be kept in view that a positive action 
and avoidance of light springs is desirable 
in a piece of apparatus which may not be 
operated for ten years and then only in 
emergency. Between the service fuse and 
the main switch, which is generally of the 
switch-fuse type, a suitable iron inspection 
box with side outlet should be provided 
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WIRING. Fig. 13. Three-wire service diagram on 
distribution fuse system. 

for the meter bight. Near here, also, it is 
desirable to make the main earthing con- 
nexion for the cable which runs to the 
main cold water supply pipe. The eartli 
cable must never be less than 7/’029, and 
if the main cables are larger than that, 
must be at least half their size. The 
quality, capacity and permanence of the 
earthing arrangements are generally a fair 
guide to the capabilities of the wireman. 

Distribution Boards. With more than one 
distribution fuseboard it is best that these 
be fed through a suitable main distribu- 
tion fuseboard. In many houses it is 
desirable to have tw^o distribution boards 
for the lighting. It is expedient in such 
cases to loop from one distribution board 
to the other or from the main switch ter- 
minals to the boards. 

The distribution boards should be placed 
in conveniently accessible positions on 
each floor and not fixed in dark closets 
where inflammable materials are stored. 
It is advisable to have at least two spare 
ways on each board. The sizes of main 
switches, fuseboards, mains and sub-main 
cables should be ample to carry the full 
load on each board. 


For the sub-circuits for light- 
ing with an average of eight lamps, 
3/’029 cable is quite sufficient, 
and for mechanical as well as 
electrical reasons this size should 
be adopted as a minimum for 
the normal standard 230-volt 
supply. For house radiators 
it is a general good rule to have 
separate 7/'029 circuits led to 
each 15-amperc switch socket. 

Having selected the distribution points, 
the wireman may proceed with the cutting 
of wall holes for the outlet boxes, with the 
grooving of brick, stone and concrete 
walls and with the neat cutting of the 
joists and beams for underfloor conduits 
or cables. With regard to the latter, care 
must be taken to avoid weakening the 
floor structure and screwed lifting boards 
should be arranged over each concealed 
junction box to provide future access with- 
out damage to the flooring. 

Drawing-in. Wlien the conduit system is 
complete and plasterwork dry, the cables 
are drawn into position. This is an easy 
matter if work has been well arranged. 
Although it may have taken a squad of 
men a month to install the conduits in a 
particular building, the actual pulling-in, 
or preferably piishing-in, of all the cables 
may be accomplished in one day. It is 
not always appreciated that a help for 
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the more difficult runs is to insert a steel 
draw wire of i8 S.W.G., to which the 
ends of the cables are hooked. 

After the wires are in place and the 
joints or connexions made, the painters 
and decorators proceed with their surface 
work, and finally the wiremen erect their 
switches, plates and fittings. Too often 
keenness of price is a motive in hurrying 
on the erection of switches and the like 
and damage is caused at the very be- 
ginning by painters splashing these in 
their operations or by their removing and 
replacing covers in an unskilled way. 

In the general course of the work every 
care must be taken to prevent damage to 
finished wall surfaces, etc., to avoid candle 
grease drips on floors, scratches on furni- 
ture and other uncouth evidences. 

Tests. When the insulation tests are 
applied first by the erector and later by the 
supply inspector, the insulation resistance 
should show not less in megohms than 50 
divided by the number of outlets. No 
single circuit should fall below one 
megohm, and detached apparatus as radi- 
ators or motors must be of greater resist- 
ance than half a megohm. 

The continuity test from the metal 
cable sheathing or for the conduit system 
from a point near main switch to any 
other part of the installation should not 
exceed i ohm. These conditions are by 
no means onerous, and better results may 
be looked for on most jobs which have be embodied for signalling, lighting, power, 
been fitted with reasonable care. heating, etc., provided the differing cable 

Wiring in Large Buildings. Most of the systems arc run in obviously separate 
new big office and fiat structures are compartments. Such conduits must, of 
affairs of steel and concrete and their course, be of ample size to meet all likely 
architects are gradually realizing that the additions. Floor boxes for the different 
provision of adequate spaces and run- electriceil systems should be quite distinct, 
ways for conduits and controlling appli- although a group of these may have, 
ances is part of their job. The importance desirably, one upper and overlapping 
of provision for electrical service has long lifting floor panel, easily located, 
been more completely realized by the Hazards of Wiring. The insulating 
designers of American sky.scrapers. Over substances used are continually being sub- 
there a basement floor is often entirely jeeted to electrical stress. This in itself is 
set apart for transformers, oil switches, a deteriorating influence and the action is 
and control gear. Ample vertical and relatively rapid with inferior elements and 
horizontal runways are provided for - compounds. The chemical structure of 
lighting, heating, signalling, telephone, all wiring materials also undergoes some 
radio, etc., services, and the sky floor is gradual changes quite apart from electrical 
devoted to lift and supplementary elec- causations. These minor hazards of wirings 
trical appliances. are to some varying extent inherent in any 

On lofty buildings very appreciable given installation even when conditions 
heat may be generated by the rising are most favourable. Cheap unsuitable 
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feeders, so these are often of paper insu- 
lated armoured type, so treated that their 
liquid content does not tend to flow down- 
ward. They may even be simple copper 
rods wrapped in mica compound if the 

architect has 
been sympa- 
thetic enough 
to provide ap- 
propriate, wide, 
well - ventilated 
channel shafts. 

It is con- 
sidered permis- 
sible that a 
comprehensive 
type of under- 
floor raceway 
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WIRING. Fig. 15. 
Bonding cap for 
lead-covered cables. 
Fig. 16. Bonding 
plate for the 
"Tenby ’• wiring 
system. 
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substances and half-hearted workmanship 
naturally accentuate the category of evils 
which arise from within. 

Tlie most common outside dangers to 
be guarded against in all normal work 
are damp, dust, direct sunlight, corrosive 
plasters, vermin, insects, vibration and 
mechanical damage. Common-sense pro- 
tection expedients suggest themselves 
whenever any of the above-listed jeopar- 
dizing agencies are particularly to be 
anticipated. A little extra protection 
with steel or lead, the application of 
insulating tape, varnish or anti-corrosive 
paint, and suchlike obvious measures 
applied with forethought here and there 
on an ordinar}^ installation, may prolong 
its useful life for many years. 

Very special or extreme means of 
protection have to be adopted sometimes. 
In acid factories and the like wiring is 
occasionally run in a system of ebonite 
conduits. In certain parts of breweries 
tough rubber makes the best job. In ships 
the metal sheathing must be of that parti- 
cular lead, antimony, cadmium alloy 
which best stands up to constantly trem- 
bling clips and saddles. Where corro- 
sive waters, urine and decayed vegetable 
and animal matter are present, as in new 
housing areas, abbatoirs and farms, lead- 
covered cables are indicated, but they 
should preferably be coated witli bitumen, 
which is probably the most stable chemical 
compound used for insulation. In practice, 
the bitumen is generally applied in the 
form of impregnated hessian or jute 
serving, and these being of a vegetable 
nature are themselves liable to decay. 
In time the cable makers will find a way of 
satisfactorily applying bitumen mixtures 
without the jute. Just as the brick- 
makers now do without straw. 

In places where there arc explosive 
gases, gas-tight fittings and switches are 
called for ; the wise wireman will not rely 
too much on a name, however, in such 
cases, and will provide D.P. branch 
switches and keep them as far as possible 
from the low-flashpoint area. Really 
dangerous situations, however, are as a 
rule treated with elaborate respect and 
the materials and arrangements given 
their due weighty and expensive con- 
sideration. In the aggregate, much more 
damage to wiring is caused by careless 


fitting, by water, by mice, by lap dogs and 
by the lady hanging pictures. The minor 
hazards of wiring should be always kept 
in mind when installing. 

WIRING REGULATIONS. The follow- 
ing extracts from the I.E.E. Regulations 
for the Electrical Equipment of Buildings 
comprise the main requirements for en- 
suring satisfactory results, including safety 
from fire and shock, and are supplementary 
to the Home Office Regulations (q.v.) 
and the regulations issued by other 
authorities, such as licensing authorities 
for theatres and other places of public 
entertainment and resort. 

The loth edition of the Wiring Regula- 
tions is arranged in fourteen sections, each 
comprising an aspect of the suitable 
installation and distribution of supply for 
voltages not exceeding 650 volts. Section 
I coven the control and distribution of 
supply ; section 2, the arrangements of 
final sub-circuits ; section 3, conductor and 
cable requirements ; section 4, the instal- 
ling of conductors and cables ; section 5, 
temporary installations ; section 6, acces- 
sories and lighting fittings ; section 7, 
the installing of current-u.sing appliances : 
section 8, the installing of electric signs and 
luminous discharge tubes ; section 9, valve 
amplifying and radio apparatus ; section 
10, earthing ; section ii, the testing of 
in.stallations ; section 12, the installing of 
private generating plant and secondary 
batteries ; section 13, construction of 
electrical apparatus ; and section 14, 
tables of electrical properties. 

It would, of course, be impossible in a 
work of this nature to reproduce in full 
the text of all these sections, and therefore 
a representative selection has been made 
of .section 4 as proving of most interest to 
the working electrician. Other extracts 
from the regulations are interspersed 
throughout this work, however, under 
representative headings. It should be 
stated perhaps that in every case these 
extracts or references arc made in con- 
formity with the loth edition of the 
Wiring Regulations and by permission. 

SECTION 4. iMBTALLUra OF CONDUCTORS 
AND Cables 
C leated Wiring 

Regulation 403. Braided vulcanized-rubber- 
insulated cables may be used without the further 
protection of conduit or casing provided that : 
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(A.) They arc open to view throughout their 
length, and, in particular, are not installed 
under floors or within partitions or buried in 
plaster. 

(B.) They are prevented by spacing, insula- 
tion, or other means from coming into contact, 
under any conditions of service, with any other 
conductor, or with earthed metal, gas pipes or 
water pipes. 

(C.) They arc secured by porcelain cleats, or' 
by clips, saddles or clamps which are so spaced 
as to prevent the cables coming into contact, 
and which have smooth or rounded edges that 
will not indent or damage the braiding. 

(D.) In damp situations the supports and 
fixings are of non-rusting material 

(E.) In any position in which they would be 
liable to mechanical damage, and wherever 
they are within 6 feet above the floor, they are 
adequately protected. 

(F.) If passing through floors, walls, par- 
titions or ceilings they pass through directly 
and arc protected by being enclosed in metal, 
porcelain or other non-absorbent, non-ignitablc 
conduits, the ends of which are bushed or so 
arranged as to prevent abrasion of the Cciblcs ; 
and in the case of walls and floors the holes 
through which the conduits pass are made good 
with cement or similar incombustible material 
to the full thickness of the wall or floor, no 
space through which fire might spread being 
left^around or inside the conduits. 

The protective conduits, if isolated, exposed, 
and of metal, shall be earthed by efficient means, 
but not necessarily near the point of entry of 
the supply. 

Flexible Cord 

KI'.gulation 405, Where flexible cords are 
provided for fixed wiring they shall be installed 
in compliance with the following requirements : 

(A ) They shall be used only for sub-circuits 
carrying currents not exceeding b amperes and 
having a voltage not normally exceeding 250 
volts, 

(B.) They shall be open to view throughout 
their length, except where protected in accord- 
ance with specified conditions, and in particular 
they shall not be installed under floors, or within 
partitions, or buried in plaster. 

(C.) They shall be prevented by spacing, insu- 
lation or other means from coming into contact, 
under any conditions of service, with any other 
conductor or with earthed metal, gas pipes or 
water pipes, and they shall not be installed 
below the last, or exposed to drip due to conden- 
sation or other cause. 

(D.) They shall be supported on effective in- 
sulating cleats fixed at intervals not exceeding 
3 ft., such cleats being so designed and placed 
that the cords are securely fixed and permanently 
spaced away from walls, ceilings and structural 
metal work. The insulators shall have smooth 
or rounded edges that will not indent or damage 
the cords. 

(E.) If insulated with pure rubber only they 
shall not be used in damp situations. 

(F.) In damp situations the supports and 
fixings shall be of non-rusting material. 

(G.) In any position in which they would be 
liable to mechanical damage, and wherever they 


are less than 6 feet above the floor, they shall be 
adequately protected. 

(H.) See 403 F'. 

Armoured and Metal-Sheathed Cable 

Regulation 406. Armoured and/or metal- 
sheathed cables may be used without the further 
protection of conduit or casing provided that 

(A.) They are prevented by spacing, insula- 
tion or other means from coming into contact, 
under any conditions of service, with gas pipes 
or water pipes. 

(B.) If liable to mechanical damage they are 
adequately protected having regard to the 
nature of their sheathing. 

(C ) They are secured by clips, saddles or 
clamps constructed of such material as will 
not be liable to set up electrolytic action with 
the sheathing and having smooth or rounded 
edges which will not indent or damage the 
sheathing. 

(D.) The spacing of the clips, saddles or 
clamps should be such as would prevent appreci- 
able sagging of the cable if fixed horizontally to 
the surface of a wall. 

When vertical, cables are fixed by the same 
means, with supports at the same intervals. 

(E ) If they are inaccessible, a length not 
exceeding to feet may be allowed between the 
supports. In the latter case the upper support 
shall firmly grip the cable or wire, and where 
there is a change of direction from horizontal to 
vertical the cable shall be brought over a rounded 
support of a radius of not less than six times the 
external diameter of the sheathing for vulcanized- 
rubber-insulated and eight times for impreg- 
nated-paper-insulatcd whether armoured or not. 

(F ) In damp situations and where exposed to 
the weather the saddles and fixings shall be of 
non-rusting material. 

(G.) When passing through walls or fire- 
resisting floors, the holes through which they 
pass are plugged with fire-clay or similar non- 
ignitable material ; and where passing through 
steel or iroii structural work, the holes through 
which they pass are bushed to prevent abrasion. 

(H.) When run under floors or behind par- 
titions all connexions are made in boxes of 
ample capacity and of non-absorbent, non- 
igni table m ater lal . 

( 1 .) Effectual means are taken to ensure that 
all metallic envelopes of cables arc efficiently 
earthed and made electrically continuous 
throughout their length by means of soldered 
joints or, alternatively, by bonding clamps 
specially designed for the purpose or forming 
part of joint boxes and similar fittings in which 
the cables terminate. The electrical resistance of 
the metallic envelope of cables in a complete 
installation, measured between such envelope 
from the connexion with the earth electrode to 
any other point of the installation, does not 
exceed i ohm. 

Conduits 

Regulation 408. All classes of cable may 
lie enclosed in steel conduits provided that 

(A.) The conduits are installed in accordance 
with the requirements of Regulations 1 31 9-1 322 
inclusive. 

(B.) The conduits of each circuit are erected 
complete before the cables are drawn in. 
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(C.) The conduits are prevented by spacing, 
insulation, or other means, from coming into 
contact, under any conditions of service, with 
gas pipes or water pipes, and if liable to mechani- 
cal damage, are adequately protected. 

(D.) The conduits shall be so installed as to 
avoid as far as possible the condensation of 
moisture wdthin them. 

(E.) No elbows or tees, unless of the in- 
spection type, are used, except at the ends of 
conduits immediately behind fittings or acces- 
sories ; and no bend has a radius smaller than 2j 
times the outside diameter of the conduit. 

(F.) Provision is made at the ends of all 
conduits to prevent abrasion of the covering of 
cables emerging thereTrom. The ends of con- 
duits where terminating at accessories and 
fittings are screwed thereto or provided with 
lock-nuts, or are led into separate blocks, pre- 
ferably of non-ignitable material. 

(G.) (See 403 F.) 

(H.) (See 406 H.) 

(I.) In damp situations, and where exposed 
to the weather, the conduits are w'clded, brazed 
or solid drawn ; and saddles and fixings arc of 
non-rusting material or finish. 

(J.) The conduits arc mechanically and elec- 
trically continuous across all joints therein and 
are earthed in accordance with Regulations 
1001-1008. 

The electrical resistance of the conduit in a 
complete installation, measured from the earth 
electrode to any other point of the installation, 
does not exceed i ohm. 

(K.) Inspection and draw boxes are of metal 
and are rigidly connected to the conduits by 
means of screwing or by nuts on both sides of 
the wall of the box. 

Earthed Concentric Wiring 

Regulation 412 (A). Earthed concentric 


wiring shall only be used when connected to 
systems of supply : 

(a) So as to derive the supply from the 
secondary side of transformers or converters 
so arranged that the public supply system is 
electrically insulated therefrom ; or 

{b) In which earthed concentric wiring has 
been approved by the Electricity Commis- 
sioners ; or, 

{c) Consisting of an independent generating 
plant. 

(B.) A cut-out, non-linked switch or non- 
linked circuit breaker shall not be inserted in 
the external conductor. 

(C.) The external conductor shall be earthed, 
and if the supply is D.C. the external conductor 
shall, where possible, be negative to the internal 
conductor. 

(D.) From the position or positions at which 
the installation is earthed, concentric wiring shall 
be employed throughout up to all fixed positions 
for fittings or accessories. At all positions at 
which the external conductor ceases to surround 
the internal conductor the latter shall be separ- 
ated from the surface Upon which the fitting 
or accessory is mounted by an incorrodible metal 
plate or terminal box to which the external 
conductor is electrically connected. This re- 
quirement does not preclude the interposition 
of a wooden block between the metal plate and 
the fitting or accessory mounted thereon, pro- 
vided that this metal plate covers the princtpal 
recess in the wooden block. 

•• Symbol adopted for Reactance 
(q-v.), the comf)onent of the 
^ impedance due to capacity or 
inductance effects. Also used in the 
plural as the abbreviation for atmospherics 
in wireless work. 


X^RAY APPARATUS IN MODERN WORK 


By E. H. W. Banner, M.Sc.. A.M.I.E.E., F.Inst.P. 

This article is necessarily almost complete within itself as being concerned 
with a highly specialized subject. It covers both medical and industrial uses of 
X-rays. Other medical applications of electricity are considered under 
Diathermy and Ultra-Violet Apparatus. See also Coolidge Tube ; Crookes 
Tube ; Electron ; Gaseous Discharge. 


Whilst there has been some recent 
controversy over the nature of X-rays, 
it is generally accepted that they are 
electro-magnetic waves of the same nature 
as those of visible light, wireless waves, 
etc., but their wavelength is much 
shorter than the visible light rays. 

The wavelength range extends from 

about I to 0*05 A. (A is the Angstrfim 
unit and equals 10-^® metre, or one 
millionth of a millimetre.) This is for 
the range of X-rays used in medicine and 
in industry. The total range is much 
wider and practically joins the far ultra- 


violet at one end and the 7-rays of radium 

o 

at the other ; i.e. about 500 to 0-05 A. 

X-rays travel in straight lines similarly 
to light, but cannot be reflected or re- 
fracted, neither can they be deflected by 
an electric or a magnetic field, although 
cathode rays are deflected by such forces. 
X-rays are generated when cathode rays 
are stopped by impinging on a material 
of relatively high atomic weight. Cathode 
rays are electrons and are emitted from a 
hot filament, and if a second electrode is 
in the vicinity and maintained at a positive 
potential with respect to the cathode. 
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electrons will be drawn towards it and a 
flow of current takes place. 

As with the cathode ray oscillograph a 
hot cathode is not essential for the 
generation of X-rays ; if a sufficiently high 
voltage be applied electrons are drawn 
from the cathode and X-rays generated 
when these strike a suitable body or 
“ target.*’ Early X-ray tubes were gas " 
tubes in that they contained air at low 
pressure, whereas almost all modern tubes 
are thermionic, containing air or other 
residual gas at a very much lower pressure, 
so that there is no measurable conduction 
unless the filament be heated. 

The electrical supply necessary is a 
supply of high voltage. The actual voltage 
determines the penetrating power of the 
resulting X-rays, together with the nature 
of the metal of the target. 

Effects of X-Rays. The effects of X-rays 
are physical, chemical and biological. 
One example of the physical effect is that 
if X-rays fall on a spark gap the resulting 
voltage necessary to spark over is lower 
than without the X-radiation ; the rays 

ionize ” the air or make it conducting. 
The fluorescence of certain minerals is 
also a physical effect. Chemical effects 
are mainly shown by the effect of the rays 
on a photographic plate, whilst tlie action 
on the human body is the biological effect. 

X-rays are like most things in their 
physiological action in that whilst properly 
controlled and applied they are beneficial ; 
when they are indiscriminately applied 
harm results, even loss of life ; the effects 
are very slow but cumulative. 

Applications. The two applications to 
medicine are therapy and radiography, 
but the latter is really subdivided into 
radioscopy (or fluoroscopy) and radio- 
graphy. For industrial applications these 
latter two applications only are utilized. 
Therapy is X-ray treatment. Radioscopy, 
or fluoroscopy, is the examination of a 
solid and opaque body by X-rays when 
the rays passing through cause a fluorescent 
screen to show the rays as shadows. 
Radiography proper is the taking of 
X-ray photographs, either in medical 
(and surgical) or industrial use. 

Wliilst X-ray apparatus is more or 
less the same for each of the above 
purposes, it is more convenient in practice 
to separate the apparatus into two, 


therapy and radiography, the latter 
serving both fluoroscopy and radiography. 
A further use of X-rays is in crystal 
analysis, where a means of the examination 
of the structure of matter is now available 
that was impossible before knowledge 
of X-rays. Considerable knowledge of 
the structure of matter has recently 
become available due to X-rays. 

The Apparatus Employed 

The essentials comprise only some 
form of high-voltage generator and an 
X-ray tube. In practice other apparatus 
is also necessary for most cases. 

As the thermionic X-ray tube only 
passes current when the anode is positive 
with respect to the cathode, it is a 
rectifier. On the other hand, in use, 
the anode of an X-ray tube gets hot, 
and if it gets sufficiently hot to emit 
electrons of its own the tube is no longer 
a nearly-perfect rectifier, and the emitted 
radiation is spoiled, so that the effective 
output of X-rays falls off. Except for 
very small sets, it is usual, then, to 
rectify the supply so that the tube does 
not have to rectify in addition. Thus the 
apparatus is now a high-voltage D C. 
generator — act u ally unidirectional — and 
the X-ray tube. 

Further apparatus is involved in control 
gear and means for supporting the 
patient or work relative to the tube, etc. 
Early generators comprised an induction 
coil with hammer interrupter run from 
batteries, and a crude form of rectifier 
comprising a point-plate spark gap in air 
or in vacuo. Afterwards, motor-mercury 
and electrolytic interrupters replaced the 
hammer, and mechanical rectifiers rectified 
the secondary current. Now the practice 
that is almost universal is to transform 
to the required voltage from A.C. mains, 
and to rectify by means of a thermionic 
valve, although in America mechanical 
rectifiers are still used. 

It has already been stated that the 
voltage used to generate the rays deter- 
;nines the penetrative power of the rays. 
Vor crystal analysis the voltage may be 
only about 40 kilovolts, whilst for medical 
radiography 60-100 kV is usual, and for 
therapy about 200 kV. Industrial radio- 
graphy requires voltages depending on 
the job in hand, relatively thin and 
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(6) Single valve, half-wave rectified. (c) Two valve, 
full-wave rectified. id) Four-valve, full-wave 
rectified, (e) One valve and condenser, Vlllard- 
pulsatmg double voltage supply. (/) Two valve and 
two condenser, Greinacher-constant double voltage 
supply. 

transparent articles requiring, perhaps, 
50 kV, whilst lor thick steel specimens 
the highest obtainable voltage is necessary. 
Upwards of 400 kV are used, but such 
installations are not common. 

Rectifiers. Rectifiers for X-ray plants 
may comprise a single unit for half-wave 
rectification, two units with a centre- 
tapped transformer, or four valves with 
a standard transformer for full- wave 
rectification. Also, three-phase mains 
may be used with six valves for full-wave 
rectification. In addition, although elabo- 
rate smoothing, as used for radio sets, 
is not necessary, some installations include 
one or more condensers for some degree of 
smoothing, so as to obtain a constant 
voltage supply. 

For the majority of work a single 
valve, giving half-wave rectification, is 
used on account of its cheapness. Two-, 
valve sets are uncommon, and four valves, 
although used to some extent, are 
expensive. It is true that the half-wave 


set is less efficient, and that the load on 
the supply mains is not normal ; but as 
the efficiency of generation of X-rays by 
the X-ray tube is less than i per cent., 
the extra inefficiency is not serious. 

X-Ray Set Circuits. Some of the usual 
circuits for X-ray sets are shown here. 
Fig. I [a) shows a set with no rectifier, the 
tube itself performing this function ; 
it is usual only for small-power sets, such 
as for physical work and dental radio- 
graphy. Fig. I {b) shows the usual single- 
valve set, and Fig. i (c) the uncommon 
two-valve full-wave set. Fig. i [d) is the 
usual full- wave arrangement using four 
valves in a bridge connexion. Fig. i {e) 
shows a circuit due to Villard, and using 
one valve and a condenser. The voltage is 
doubled and rectified, but is pulsating, 
as it is only half-wave. Fig. i (/) is the 
Greinachcr circuit using two valves and 
two condensers for voltage doubling and 
smoothing. 

Another type of generator occasionally 
used is a condenser set. A high-voltage 
condenser is charged from the mains 
through a transformer and rectifier, charg- 
ing occupying several seconds. For an 
exposure the condenser is suddenly dis- 
charged through the X-ray tube so that 
a high power results, but due to the slow 
charging there is no heavy current rush 
from the mains. This type of generator 
is only available for radiography, as it 
does not give a sustained output. 

X-Ray Tubes. The two general types 
have already been stated as the gas and 
the thermionic. The latter is that used 
almost exclusively, and it has two general 
forms, being either in a glass envelope as 
designed by Coolidge or a metal and 
bakelite case, the metal of the latter 
serving as X-ray protection. The earliest 
practical example is the Philips Metalix 
(Fig. 2), and the British “Protexray'" 
tube (Fig. 3) is generally similar. 

Rays are emitted from the surface 
receiving the cathode rays ; this electrode 
is positive, and so is called the anode. 
The active part of the anode, that which 
receives the cathode rays, is called the 
target, and it is generally of tungsten, a 
metal with a high melting point. In use 
the target gets very hot, so that the main 
body of the anode is made of copper, so 
as to have a high heat capacity. Glass 
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tubes are the original type, and require 
X-ray protection so that the radiation is 
only finally emitted where it is required. 
The metal tube is of later origin, but is 
now nearly universal in this country. It 
contains lead around the anode, with the 
exception of an aluminium or glass window 
for the rays to emerge. Consequently such 
tubes do not need to be housed in lead- 
lined boxes, and so are less bulky. 

For prolonged running the anode gets 
so hot that it limits the work that can 
be performed. To overcome this some 
tubes are water-cooled and liave a circula- 
tion of water running to and from the 
anode. The rating is thereby increased. 
Anotlier design employs a rotating anode, 


considered as the anode heating limits the 
load. 

Examples of various loadings and times 
for a 3-kW tube are ; 


kV, r.m..s. 

I sec. 

JO sec. 

20 .sec. 

5 min. 

80 

37 mA 

28 mA 

22 mA 

5 m.A 

60 

50 

37 

2Q 

5 

40 

75 


43 

5 



X-RAY APPARATUS. Fig. 2. Exploded and sec- 
tional views of the “ Metalix ” tube. 

rinlips f fillip.'., fjil 

Fig. 3. Exploded view of the " Protexray ” tube 
showing ray aperture 

Ciithfirit ^ll^/lflr^. IJd 

SO that, although tlie 
part of the target in use 
at one time is small, 
the total surface receiv- 
ing radiation is large, so 
that more heat may be 
dissipated without harm. 

The necessity for a small 
active target is in order 
to obtain “ definition ” of the resulting 
radiograph, almost exactly as in a photo- 
graph where a small lens aperture im]:)rovcs 
the sharpness of the resulting picture. 

X-Ray Loadings. Common ratings for 
X-ray tubes are as follows — 3, 6, and 10 
kW. These ratings are ambiguous, as 
obviously the time of operation has to be 


Thus, if the voltage is 60 kV and the 
current 50 niA, the safe time of operation 
will be I second. The product of kilovolts 
r.m.s. and mean milliamperes is general, 
although it has no real significance for 
other purposes. It is used because the 
peak voltage determines the penetration 
and also because early 
apparatus used a spark- 
gap to approximate to 
the voltage used and in 
this way the peak volt- 
age is that indicated. 
Similarly for current, a 
moving-coil milliam- 
meter is always em- 
ployed and this instru- 
ment reads the mean 
value of a rectified 
current . 

Other and special 
tubes arc made for 
operation at 400 kV and 
even 800 kV, but 200 k\’’ 
is the usual maximum 
voltage for therapy. 
Other tubes will with- 
stand a current of i 




Fig. 3 


ampere for a fraction of a second. 

The rotating anode tube illustrated in 
Fig. 5 consists of an anode in the form of 
an open cylinder and able to rotate inside 
the tube. Outside the tube is the stator 
of a small induction motor. When three- 
phase current, or single-phase with a 
phase-splitting device, is applied the rotor 
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ANODE CABLE 

WITH CONCINTRIC WATtn 
CiK>LlNC DUCTS 


CATHODE CABLE CATHODE CONNECTING 
SPHERE 

{WITH S-tLCCTPOOe TUBE. 
contains BIASSINC TRANSrORMEm- 

X-RAY APPARATUS. Fig. 4. Constructional principles of the “ MetaliK 
shock -proof deep therapy tube. 

M'afDon and Sons. Ltd. {Philips’ Metalix patent). 


bbIIbe^ 
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revolves and so exposes a fresh part of its 
end, the target, to the cathode stream. 

X-rays generated at low voltages are 
termed " soft ” and at high voltages 
" hard " ; the terms are relative rather 
than actual, however. Whilst a high- 
voltage tube will generate hard or soft 
rays according to the applied voltage, a 
tube only designed for low voltages will 
only generate soft X-rays. Soft ra5^s have 
a greater effect on the skin than hard ra)/s, 
and are those used for therapy in certain 
skin diseases, whilst the very hard rays 
generated at 200 kV and above arc suit- 
able for deef)-seated organs ; such sets 
are commonly spoken of as being suitable 
for deep therapy. 

Shock-proof Apparatus. Danger of two 
types exists witli X-ray generation ; 
danger from the rays and danger from 
electric shock. X-rays applied for a 
long time to the skin cause a form of 
burning or skin disease which is some- 
times fatal. It is always long delayed 
and does not occur with a few sliort 
exposures such as a patient may obtain. 
On the other hand, electrical danger is 
directly serious and modem plants com- 
prising high-efficiency transformers with 
almost unlimited power available from the 
mains are definitely dangerous, although 
the working voltage may be no more than 
in the old induction coil apparatus. 

Protection from X-rays is achieved by 
the metal X-ray tube, or the lead-lined 
box of the glass tube. Lead-rubber is a 
useful material that is insulating and X-ray 
proof if sufficiently thick. Lead glass is 
also useful for some purposes. 

Electrical safety has been provided in 
the pzLst by isolating live leads as far as 
possible^ but a much better way is now 



common. The live 
terminals of the 
tube are complely 
enclosed with 
earthed metal or 
with insulating 
materiel, and liigli- 
voltage rubber 
cables, having an 
outer earthed 
metal sheath, are 
used to connect 
the generating 
plant to the tube. 

The generating 
plant itself is 
either enclosed in 
an earthed metal 
cage or is in a 
separate room 
altogether, form- 
ing a higli- volt age 
substation. 

This latter 
arrangement is 
only usual for very 
large high-power 
plants. For port- 
able apparatus the best arrangement 
is one in wliich an earthed metal tank 
contains the transformer and the tube, 
self-rectification being employed. Here 
only the low-voltage leads are exposed 
and safety is a maximum. If the centre 
point of the system is earthed, then if 
100 kV is used each high-voltage cable 
only has to be suitable for 50 kV to earth. 

Controls. The penetration of the rays 
through any given object is proportional 
to the voltage, generally the peak vol- 
tage, but in some circumstances the 
r.m.s. value determines this. It is also 


ube 


nr 

Fig. 5. The “ Rotalix ' 
in section. A, anode(rotating}; 
W, tungsten target : C, axis; 
K, hot cathode; S, laminated 
iron core. 

Wation find Sons, Ltd, under 
I'hilips' Metaliv patent. 
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inversely proportional to 
the atomic weight of the 
material. On the other 
hand, quantity of radia- 
tion is proportional to 
current and time. The 
milliamp^re (mean) being 
a convenient unit, expo- 
‘surcs are thus expressed 
in terms of milliamp^re- 
seconds. 

Simple X-ray sets have 
only one or two voltages 
for the output and a 
fixed current ; tlicn ex- 
posure is proportional to 
time. For radioscopy, or fluoroscopy, a 
voltage of the same order as that used for 
radiography is necessary, or it may be 
lower. Current is much less but may be 
on for perhaps a minute or two ; exposures 
of films, or radiography, on the other hand, 
requires a larger current for a shorter 
time. It is now rare to find exposures 
exceeding a second or so, with the exception 
of small portable sets. 

These two requirements are generally 
met by the provision of “ dual control,*' 
where two sets (fl control switches and 



X-RAY APPARATUS. Fig. 6. Complete ‘Metalix ” 
deep therapy outfit including gantry stand, for 200 kV., 
installed in one room. 

H'aA«ON <1' Som, Ltd. 


Fig. 7. Complete circuit 
sw'teh of one-valve X-ray appa- 
ratus for medical radio- 
graphy. 


rheostats select the voltage and current 
and arc brought into use by a change- 
over .switch. Operation of the change-over 
switch brings the plant into use for 
radiography without having to vary several 
controls, probably in darkness. 

Voltage is determined by the trans- 
former ; alterations may be either by 
primary or secondary tappings, by a 
hand selector switch or by contactors 
with remote control on large sets with an 
auto- transformer. Current through the 
tube is determined by filament tem- 
jx^rature and this is controlled usually 
by a rheostat in the filament transformer 
primary. Tube filament voltage is 
measured by a low-range voltmeter, or 
the current measured by an ammeter, 
but this is used only for preliminary 
guidance, actual current as read on the 
milliammcter being used for adjusting the 
tube filament. 

Rectifier filaments always require to be 
run at full voltage — reduced voltage 
causes their anodes to overheat seriously. 
Voltage is read by a pre-reading kilo- 
voltmeter ; this is a low-range voltmeter 
of the moving-iron type connected across 
the primary of the main transformer where 
an auto-transformer is used to vary the 
high voltage. In this way it reads the 
voltage to be applied to the main trans- 
former when the exposure switch is closed 
and it is calibrated in kilo\»olts. It is not 
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accurate, but it is sufficiently good for the 
purpose as it allows the operator to see 
what voltage will be switched on instead 
of switching on first and adjusting after- 
wards. 

The actual circuits for sets by different 
makers differ considerably ; one typical cir- 
cuit for a one- valve plant is shown in Fig 7. 
As exposures are now so short it is common 
to find some form of time-switch where a 
control is adjusted either to a scale of 
milliampere-seconds or an empirical scale 
marked with parts of the body. 

For X-ray therapy voltages of about 
200 kV and currents of 4 -10 mA are usual, 
the time of operation being for perhaps 
an hour or so nearly continuously. It is 
not usual to make one set servT, for radio- 
graphy and therapy on account of the 
differing requirements. Generally a valve 
and condenser set is used, or alternatively 
a three-phase six-valve set. 

For industrial radiography sets are far 
more individual as, whilst a medical 
set will suit many hospitals and prac- 
titioners, a set suitable for examining steel 
cylinders is not suitable for examining 
wood for metallic inclusions, etc. The same 
general principles of controls apply, 
though a time-switch is unusual. 

Installation and Maintenance 

This is usually performed by the makers 
of the set, but it is occasionally a local 
job, particularly if it is a small set in a 
private house or a small hospital. The 
first thing is to find out if the supply is 
A.C. or D.C. If the latter a motor gen- 
erator is almost imperative, as A.C. must 
be provided. Wiring requires to be such 
as to carry the current continuously and 
also so as not to cause an unduly high 
volt drop. A set giving exposures of i 
second will obviously require more current 
from the mains than one only capable of 
doing the same job in 20 seconds, so that 
in the first case the wiring must be larger. 
It should also be taken right back to the 
incoming mains, not tapped off the nearest 
circuit, otherwise objectionable light flicker 
will occur at switching on and off and 
also the set may be affected during an 
exposure by other circuits being switched 
on and off. 

A double-pole switch with its fuses is 


necessary to control the whole supply ; 
other switches for various internal circuits 
are provided on the control trolley. A 
good earth should also be provided for 
earthing the metal work of the control 
trolley, screening stand, etc., as recom- 
mended by the makers of the X-ray plant. 

The smaller portable sets, of which the 

Metalix ” portable is an excellent ex- 
ample, require no additional wiring and 
may be plugged into the nearest A.C. sup- 
ply. This is, of course, necessary for real 
portability for use in patients' houses. 
Such portable apparatus must of neces- 
sity he shockproof as well as ray-proof. 
The latter is secured by the use of the 
metal X-ray tube and the former by using 
high-voltage cables and enclosed tube 
terminals, etc. 

Maintenance of sets includes checking 
the voltages of the filaments of the 
rectifiers. As the life of such a filament is of 
the order of 1,000 hours, replacements are 
necessary at infrequent intervals. During 
life the filament wears away so that if 
it is run at constant current it tends to 
become overheated. However, if an 
ammeter is provided by the makers this 
should be used and the current adjusted 
by the primary resistance to the nominal 
value. Voltage adjustment is preferable, 
however. 


CONNEXION. System of con- 
necting up three-phase wind- 
ings. The circuits start from 
a common junction and their three ends 
go to the three lines. Alternative name 
for Star Connexion, under which the 
system is fully described. 

“ Y ’'-DELTA STARTER. Alternative 
for Star-Delta Starter, which sec. 

YOKE. The magnetic path of low 
reluctance between two neighbouring 
poles of a machine constituted by the 
cast-iron or cast-steel frame, and serving to 
carry the magnetic flux from pole to pole. 
In one type of machine, the yoke and core 
are cast in one piece, but more usually the 
core is cast separate and bolted to a 
machined .seating cast on the yoke. In 
another construction the core consists of 
laminated iron sheets riveted together 
between end plates and cast into the yoke. 


1428 



Z/G-Z/ 4 G LEAKAGE 


The latter type does not possess the advan- 
tage of permitting high density in the 
magnet core, for this would lead to 
uneconomically high air-gap density. The 
improved ventilation possible, however, 
has led to its successful adoption in many 
instances. 

The flux density rarely exceeds 8,500 and 
16,000 C.G.S. lines per sq. cm. in cast-iron 
and cast-steel yokes respectively. Firms 
supplying magnetic irons and steels issue 
magnetization curves from which the 
ampere-turns per pole required to send a 
given flux through the magnetic circuit 
may be obtained. The sum of the ampere- 
turns for each pa/t of the magnetic 
circuits when found enables the designer 
to proceed with considerations of the 
stator winding. See Magnetic Circuits ; 
Magnetization ; Stator. 

YRNEH. This term, which is Henry 
spelt backwards, has been proposed for 
the practical unit of reluctance, equivalent 

to ^ Oersteds. The latter is the pro- 

posed name for that reluctance through 
which unit magneto-motive force (q.v.) 
produces unit magnetic flux. 

‘‘ Y ** VOLTAGE, Star Voltage. 

ERO METHOD. In the Wheatstone 
bridge and potentiometer circuits, 
measurements are made by adjust- 
ing the resistance ratios until no current 
flows and therefore no deflection is pro- 
duced in the galvanometer. Such a 
method is more accurate than attempting 
to read values of deflection produced, into 
which parallax errors and other inconsist- 
encies may be introduced. See Galvano- 
meter ; Potentiometer ; Wheatstone 
Bridge, etc. 

ZERO POTENTIAL. Since the potential 
of a body is usually compared to that 
of the earth, the latter is taken as being 
at zero potential, affording a convenient 
means of comparison. 

ZIG-ZAG CONNEXION. Besides the 
standard three-phase star to star connex- 
ion, commonly adopted in transformers, 
there is a much less widely known method 
suitable for cases in which a variable part 
of the load is to be joined up between line 
and neutral. In such a case the loads may 
at times be very much out of balance, and 



if the high-voltage coils are also star- 
connected the system becomes unstable 
and severe unbalancing of the voltages 
results. 

The star zig-zag connexion is clearly 
illustrated in the diagram. Both sides are 
.star-connected, but on the low- voltage 
side half the winding of each phase is on 
one limb, and the other half on the next 
limb with connexions reversed. Thus for 
the " X ” line half the winding a is on 
the Xx limb and the other half is on 
the Yy limb. 

About 15 per cent, more copper is 
u.sed with this system of connexion and the 
secondary winding is more complicated 
and therefore more costly. The extra cost 
is, however, much more than saved on the 
star primary high-voltage winding which 
would otherwise have to be mesh. More- 
over, an unbalanced load from lines to 
neutral does not render the primary 
unstable, the want of balance being 
distributed on the limbs. See Star 
Connexion. 

ZIG-ZAG LEAKAGE. The leakage 
flux of any given motor may be divided 
into three parts, namely (a) |>eripheral 
dispersion ; (b) end dispersion, including 
the self-induction field of the end con- 
nexions ; (c) zig-zag leakage or dispersion. 

The first-named is the leakage flux 
which passes from one pole to the other 
along the tops of the stator and rotor 
teeth, and therefore, of course, does not 
cut the rotor conductors. This is much 
diminished by using a large pole pitch, 
and would be greater in a motor with 
closed slots than in one with open slots. 
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The second is that flux which passes 
through the air from pole to pole at the 
ends of the motor, and also the self- 
induction flux around the end connexions 
of the stator winding. The latter is 
much increased if the end connexions are 
in close proximity to the iron of the stator 
housing or core. 

The zig-zag leakage flux is so called 
because it passes peripherally along a 
stator tooth, crosses the air-gap, passes 
along the top of a rotor tooth, crosses the 
gap again, and so on until it reaches the 
adjacent pole. 

Empirical formulae have been developed 
to obtain the dispersion coefficient or 
leakage factor (q.v.) which takes into 
account all the abov^e effects. That due 
to Hobart states that 

Leakage factor — a x b x — 

where a and b arc constants depending 
on shape and size of slots and leakage 
effects, A is radial depth of air-gap in 
cms. and r the pole pitch at air-gap in 
cms. These constants are obtained from 
curves developed from practical experience. 

It is evident that the larger tlie number 
of slots per pole on rotor and stator, and 
the larger the air-gap, the less will be the 
zig-zag leakage effect, 

ZINC-LEAD ACCUMULATOR. A 
.special type of lead-sulphuric acid accu- 
mulator known as the Reynier cell, in 
which the zinc negative is employed in 
place of the usual lead plate. It is 
chiefly of academic interest and seldom 
employed in practice. 

ZONE, NEUTRAL AND COMMUTAT- 
ING. Considering a coil rotated between 
the poles of a permanent magnet, the 
changes in the current induced in the coil 
may be represented by a curve with the 
circumference of the air-gap as abscissa, 
and the E.M.F. induced when the coil side 
is at various points, as ordinates. Such 
a curve is illustrated in the diagram. 
BC and DA represent zones at which 
a transition occurs from positive to 
negative and vice versa, and during this 
transition no E.M.F. is induced in the 
coil. These zones are therefore referred 
to as neutral zones. 

To obtain direct current supply from 
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ZONE. Ftg. 1. E.M.F. curve for rotating coH in 
magnetic field. BC, DA represent neutral zones. 

the coil, the latter must be connected to 
two insulated halves of a single slip-ring 
and the bruslies be placed in the neutral 
zone, that is, they must touch the com- 
mutator at the extremities of a diameter 
perpendicular to the magnetic field. The 
current in the external circuit then flows 
in one direction only, and an intermittent 
direct current is thus obtained. In order 
that the intermittent current may remain 
constant in magnitude as well as in direc- 
tion, the slip-ring must be divided into a 
greater number of ])eirts and is then known 
as tlic commutator {q>v.), and in place of 
a single coil, many winding elements con- 
stituting groups of coils arc employed. 

As each winding element is short- 
circuited by a brusii, the current in it is 
reversed. This reversal is retarded by 
the effects of armature reaction, and the 
.self-inductance of the coils undergoing 
commutation {q.v.). If reversal is not 



Fig. 2. Period of complete reversal of current marks 
the commutating zone. 

complete when the brush leaves the old 
segment, a spark occurs. This means 
that complete reversal must occur during 
rotation of the commutator sufficient to 
cover the width of the brush. The com- 
mutating zone may, therefore, be defined 
as the angle swept out by the centre line 
of a slot during the time that the coils 
therein are short-circuited by the brushes. 
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Classified Index and Reading Guide 

Here the contents of the ENCYCLOPEDIA are brought under classified headings 
for the purpose both of grouping together associated aspects of particular subjects 
and of assisting the study of any branch of electrical engineering. This Index, 
with its cross references, is to be used in conjunction with the main cross reference 
system in the body of the Work. Thus, the general article on Motors : 
Principles, Types and Characteristics, outlines the whole subject ivith 
references to individual types. Under the heading MOTORS in this Classified Index 
will be found page references to all classes and types of motors as well as to other 
relevant articles. This Index does not supersede the general alphabetical arrange- 
ment and individual headings are not necessarily repeated here. Main 
articles are indicated by black type, thus : HIGH FREQUENCY 612' 


A BBREUIATIONS 1-8 

See Circuit L)iagram«;; 
Symbols ; also alpha- 
betical headings 

ACCUMULATOR 4-12 

Acid 7-8, 21 1, 629-30 
Acidoineter 13 
Active material 13 
Alkaline 11-12, 22 
Buckling 155 
Capacity 5, 377-8, 39 S 
Celluloid in 4, 200, 209 
Charging s. 207-12, 394, 
56^-6, Plate f p 2o 8 
Chciniral change*' 6, 207-8 
('blonde 213 
Discharge 7, 377-8, 617 
Drumm 12, 117, 394 
Edison 413-16 
End cells 475 6 
Exidc 4-7, 487 
Faure 4-7, 506 
Gassing 6, 210 
High tension 617 
Hydrometer 13, 629-30 
Ignition rating <>35-6 
Lead acid 4-10, 506, 929 
Leadburning 732-3 
Lead in 4-7, 732 
Maintcrianee 7-9 
Nickcl/Iron 11- 12, 23 
Plants 4-7. 929 
Rating s, 377-8 
Special ciicuit', 9 
Sulphating 10, 1179 
Trickle 1329 
Zinc-lead 1430 

AERIAL 14-18 

Cage 178 

Circuit 14-18, 194, 224 
Couiitei poise 332 
Coupling 16, 333 
Earthing of 13, 4 1 1 
I raire I6, 374, 540, 581 
Indtjor 16 
Insulation of 
Interference 693-5 
Reception 14, 149, 1004 
Special 17 
“ T ” 18, 1236 

17, 148, 178 
V. ■ of 16 

See Receiver; Trans- 
mitter 

AGRICULTURE 18 22 

Beekeeping 122 
Dairy farming 19, 21 
Heating in 21 
Horticulture 18-21 
Lighting in 21 
Poultry farming 945-6 
Power required 21 
Refrigeration 21 
Types ol motors in 19 
Ultra-violet light m 21-3, 
945 

Plate f. p. 20 

ALLOYS 23-26 

Aluminium 25 
Brass 139-40 
Constantnn 293 
C^per 25, 326 
Enect on permeability 
X30 

Electrum 473 


ALLOYS (contd ) ^ 

German silver 580 
Hcusslcr 61 1 
Invar 700 
Iron 24, 703 
Kunial 25, 140, 718 
Non -magnetic 24, 791-2 ^ 

Resistance 24, 580, 1041 
Special 24 
Steel 1160 

ALTERNATING CURRENT 
25-32 

Angle of l.ig 61, 718 
Angie of lead 61. 732 
A\erage value loi 
Circuit calculatniii'' 29- 
32, 221, 48J-2 
Conversion to D.C 371-2 
Cvclc of 346 
I'egiccs 351 

ElTective value 27-9. 418 
f‘re<iuencv 426-7, 541 ^ 

Harmonics m 597-8 
K M S value 27-0, 418 
Theory of 25, 4-’6, 454 
'1 ransTm>sion 1325 
Sec Capacity, Indiu- 
tKJii , Phase ; Powei , 
I’owcr I' actor 
ALTERNATORS 32-50 

Compensated 263-4 
('ompound 266 
Construction 40 50 
“-drMiig out 47 
— lamin.itod 719 , 

— rotating .irmature 33 * 

— rotoi 41-3, 4*», 1050 
— stator 40-41, 41, ii55 
— ventilation 43, 1368 
Exciting 42, 49, 483-6 
Harmoiuts in 598 
.M.untenance 45-50 

Running 35 

— ciilical sj>eed 335 
— cyclic irregularity in 
36, 346, 628-9 
— hunting in 16, 628-9 
— parnllcliiig 1229-31 
— s^mchromr.iug 46, 1229 
— voltage regulation 47, 
1374-6 
Types 3 >-40 

— auxiliary 44 
— inductor 670-1 

— motor 37 {see Fre- 
quency Changer ; Cou- 
vertei ) 

— turbo 36-40, 1368 

ALUMINIUM 50-62 

Anodic oxidation of 469 * 

Arrester 83 

Comparison with copper 
326-7 

Conductors 50, 280 
Coirosjon of 51, 469 
Purity of 50 
Rectifier 52, 881-2 
See dllovs ; Copper 

AMMETERS 52-67 

See Meters 

AMPERE 67 

-Lour 57 

-hour capacity 57 , 635 
-hour meter 57, 823-5 
Rule 58 
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AMPERE (contd.) 

-turns in magnetic cir- 
cuit 22, s8, 513 
-turns 1X1 solenoids 251-2, 
5 So 

Virtual 1371 
AMPLIFICATION .58 

Amplifiers 59, 1263, 1357 
Audio-frequency 50, 147 
Back-coupling 81 
Class “ B " 240-1 
Conditions ^or 135S 
Constant 59 
Factor 1357 
High-frequency 58, 612 
Low-f re q ue 11c v 240-1, 
782-5 

Pentode 913 
Push-pull 981 
Sound film 1115 
Speech 240 
ANODE 62 

A.C. resistance 62 
Bend rectification 64-5 
Characteristic 65 
Circuit 63-5 
('on verier 63 
Coupling 63-4 
Current 65 
Effect 64 
Rectification 64-5 
Resistance 64 
Tuned 64 
See also Filament 

ARC 68-7 

Arresters 67 
Burn-outs 159-60 
Characteristic of eo6 
in commutators 5'‘o 
F'urnace 68, 546, 608, 1 108 
Ground 401 -2 
Lamp 6S-70 
— carbon 190-1 
— flame 519-20 
— mercury vapour 68, 
819 

— tungsten 70 
Process 70 
Rectifier 70 

— mercury 811-817 
Suppression coils 401-2 
in Switchgear 

— contacts 226, 297 
— in contactors 296 

— deionization 354-5 

— magnetic blow-out of 
395, 792-4 
Transnmter 71, 944 

ARMATURE 71-78 
Construction 71 -75 
— air-irap 22 

— bearings 77 
— core 4 r 3-4 
—key 714-5 

— laminated 71-2, 413-4 
— shaft 79 
— slotted core 1107 
— smooth core 1108 
— spider 72, 262-3 
—stampings 71-3, 1139 
--tooth 1284 
Design 7 1-75 
— ampdre-turns required 
22, 58, 513 
—clearance 579 


ARMATURE (contd.) 
Deiign, flux suppression 
697-8 

—prevention of eddy 
currents 413-4 
E.M.F. in 79, 438 
Faults 77-8 
Flux 265, 697-8 
Maintenance 77 
Reaction 79, 337 
Rotation in magnetic 
field 437 
Typefl 75-7 
-A.C. 75-7 
— alternator 33-4 
--bipolar 131 
— " H " 507 
— multipolar 75-7, 867 
— Siciiien’s shuttle 597 
Windugs 74-9. 440 » 

— coils 78-9, 360, 440-1 
— connexions 73-4, 72R 
— durninv coils 398 
—lap 728 
— lattice 728 
— senes 575 
— space factor of 1120 
ARRESTERS 82-83 
.\nchor gap 60 
Arc 67, 82, etc. 
Aiitovalvc II 85 
Bobbin 83 
Carbon 82 
Comb 82 

Electrolytic 83, 436 
C»ap 555 

Horn type P2, 621 
Kicking coil 715 
Lightning 86 
Magiiclir blow-out 395, 
79=-4 

Mulligap 555 
Oxide film ziS6 
Pellet ii86 
Reactors 995-7 
Surge 83, 216, 1184 
Thynte 1186 
Water ict dischargers 86 
See Protective Devices 
ASYNCHRONOUS MOTORS 
85 

See Motors and under 
separate headings in 
the mam pages ; 
Comnuitator Motor ; 
Induction Generator; 
Induction Motor; Uni- 
versal Motor 
ATOM 87 

Dielectric strain in 362-3 
Electrons in 87, 460 
Ions in 700-2 


D ALANCERS 107-1(» 

O Chokes as 216 
Motor 834 
Static 574. 1 153-4 
BATTERY 314-117 
Anode of 62, 117 
Basie theory 1x4, 425 
Buffer 155 
Drumm 12, X17, 394 
Dty 395-7 
Eliminator 1x7, xxS 



BATTERY 


CIRCUIT 


BATTERY (lontd.) 

liniergenrv lighting 473, 
712 

Knd cells ot 475-6 
Hash lamp 395 
Floating 155 
Grid bias 5S6 
High tension 616-17 
Ignition 110 

Insulation resistance ot 
70S-6 

Jacob’s test 705-6 
Local 774 
Storage 1 1 64 
See Accumulator ; Cell 

BELLS 122-128 

Burglar alarms 157-9 
Buxzcrs 123 , *65 
Circuits 126 

Connexions to lighting 
circuit* 246 

Indicators 125-f, 647-8 
Installation 12(1-7 
Relays 123-4 

BOOSTERS 135-139 

Accumulator charging 

135 

Circuit iliagraius 135-9 
nifTerciitial 365 
lh\ertcr legulation of 

136-7 

Kfitz 479 
leeder 138 
Functions 135 
Highfield 9i 1-12 
Milking 137 
Negative 138. 870 
Reversible 136, 1046 
Statir 138-9 
bynchronous 306 

BRIDGE 142-144 

AC 1 13 

Calibration v'lth 112 
Capacity iPf 7, IQ4-5 
Fu*e 144 

Location of cable faults 

143 . 776 , 1364 

Ratio arms 142 

Types 143-4 

■ — Anderson 60 
— -Carev hotter 143, 194 
— Kelvin double 143 

— rnei^ger 143-4, 810 
— nip^re 825 

— riuller 820 

— post Ofticc 142-3, 9 JO, 
1400 

— Raphael 142 

— Srhenng 114, ios8 
— Wirii 113, 1102 

See U heat stone Bridge 

BROADCASTING 146-149 

Sec U irelcss 

BRUSH 150 155 
Commatator 150-5 

— carbon loi 

— care 111 handling t»nj*h- 
gear 49, 154 

— cross eonnexKMi*' 257, 
259, 262, 336, 3(,g. sHi 

— tlexiblcs 151, 573 

— holders 153 - 4 . 57.3 

— pilot C,2H 

— position 151 - 5 , 578 

— positive 0 jri 
—pressure 15^, 573 

— rocker 154, 1048 

— rocker gear 154, T048 
— sparking at 520 
— staggeied 307 
— types listed 152 
Den motor 356 
Discharge 150, 377 
Switchgear 226 
— circuit breakers 226 
— contaet 293 

B.S.I. SPECIFICATIONS 
129. 144-6, 156 

Accumulators 378 
Bus'bars and connexions 
t6o 

Bushings 16a 
Cables 1 70-2 

— cab-tire sheathed 176 
—dielectric thickness 171 


B.S.I. SPECIFICATIONS 

(contd.) 

Cables, lead sheaths 169 
— *«ieel tape and wire 172 

— tests 170 
Cells 395-6 

— rapacities 378 
— discharge rated 378 
— standard sizes 396 
Circuit diagrams 235-7 
Conductors 167, 327 
— aluminium 50-1 
— annealed copper wire 

327 

— copper 327, 1038, 1164 
— hard drawn 327, 1039, 
Z164 

— phase colouring 107, 
t6i, 292 

— single circular copper 
1038 

— slecl-cored aluminium 

51 

— stranded Hlumiiiiuin 50 
--stranded copper 327, 
1039, 1164 
Conduits 2H2-4 
C urrent transformers 343 
Distribution 382 
Klectnc strength tests 
979 

Fie \i hies 170 
Instruments 348, 674-5 
— ammeters 52-3 
— general dc'sigii 674-6 

- in*» C’-.it'i: S25 

— O", .h.i'i ii> of 3.18 

Lamps 727 

— earbon tilament 193 
— fittings 761 
— holders 727-H 
Lighting 761 
— lutings 761 
— street 1105 
Oil 8<jo, 1323 
Plug* 032-3 
Puncture strength t)‘?9 
Ratings 298. 697, 773 . 
1251 

Sockets 1109 
'I emperature ri'-e 1251 

BUS-BARS 160-162 

Arrangement of 162, 1211 
Auxiliary 1212 
Chokes 111 216 
Conductivity of 326 
(<oppor 329 
Lqiiah/iug 47<) 
for elcctrolyiK work 431 
Joints 160 
Marking of 107, 292 
Mimic 830 

Short circuits m 1O1-2 
Sizes 160 

Transfoimer 162-3 


r'ABLE 160-175 

^ Bond 134 

Box 175-6, 391, 710-11 
— culverts 338 
— duct 397 
--‘‘cahiip 1061 
- -veiitil Uif)n 1369 

n;j«h 163-4 

C apar itv 184, 341 
( heiiiK .il etfei ts 111 213, 
490 

— corrosiftn 499-500 
— osmosis 499 
Choire of system 385 
Coiiiiertors -97 

Contructicn 166-70 
-armouring 79-80, 167, 

I "2 

— conductors 167-8, 171 
— core 330 

— diclecliir 168-9, *7*, 

184 

— serving 172, 1075 
Fault location 409, 498- 
505 

Feeder 506-8 
— box 508-0 
— -H.V. dupficate 383 
— in factories 490 
— interconnecting 692 
—isolation of 908 


CABLE {contd ) 

Feeder, lav -outs 384, 

506 7 

— negative 870 
— parallel 508 
— protection of 820 
— transformer 508 
— trunk T337 
See Plate f. p 50S 
Installing 1420-2 
Jointing 706-10 
Laving 385 -6 
Mains 167, 804 
Pitch of 929 
Quality 173-4 
Rating 173 
Sheathing 1077 
— cab-tirc 1 70 

— lead 169, 734 

- -paper 170-5, 906 

— rubber 105(1 

— vaiiiished cambric 
172-3 

V 1 R 1371 
Solid svsteiu lui 1112 
'rr.insmission 1325 
Types 166-75 

- armoureil 79-80, 167, 

17- 

- associatifui 168 

- beltless 171 

— loncentru 273 
— distributor 390 

- e(|u.ih7iiig 179 

- Ih‘\ibh‘ 170 

— high-voltage 174-5,488 
— llothstader 174 
— ruultu re 171 

— non-assoc latioii i()9 

— screened 171, 174, iot>i 
-service 11175 
— S L 171, 174, 1103 
— three-col e 1271 
— twin 1 3 38 
— tvvo-corc 1 3 38 

— uiidergrouiiti 1 (16-74 
Sec «/so Conductor and 

Plates f p 17(> and 
P 508 

CALIBRATION 178-^180 

of auimeter i8i> 
of galvanoim ter i 78-i> 
of voltinetci 179-80 

CAPACITY 182-188 

A.( calculations ji 
A.( cirriiit’- 27, 183, 1 Sc) 
of accuiiiulators 5, 377 S, 
635 

Admiralt V unit 1 3 
and capacitance iKi, ^23, 
424 

between two coaxial c y- 
hiuleia 183 

between two paiallef 
pl.itc-s 183 
Budge i8()-7 
Coupling 187-9, 334-5 
De-hiiition of 182-3 
Effective 418 
Life< ts in sjieci h tiaiis- 
missioii 186 

in insulatoi design 185 
III L 'I', circuits I 8(1 
111 overhead hues 183 
in senes 183 
I liter -elect rode 692 
|ar 13 

Kea< lanec 189 
Ret iprof al of 4 19 
Symnol 166, 48K 
Underground i able 1R4 
Unit of 401, 183 
CARBON 190-194 
Are lamp 190-1 
Arrester 82 

Brushes 150 5, 191, 586 
Contacts 226, 297, 369 
Filament lamp, 193 
Resistance of 190, 5H6, 
1042 

Symbol for 166 
Tetra-chlonde fuse 193-4 

CATHODE RAYS 197-198 

in television 1246 
Tubes 197-9 

CELLS BOO 

Bunsen 157 


CELLS (i oHtd . ) 

C admium 1 77 
Caesium 177 
Daniel! 114-5, 348 
Darimoiit 349 
Depolarization of 115-6, 
356 

Double solution 115 
Driimin cell 12, 117, 394 
Dry 3Q5-7 
Electrodes 196, 197 
Electrolytic 361 
End 475-6 
Fuller 545 
Grove 594-6 

Leclanch^ 115, 199, 736-7 
Limitations of 116-7 
Non-spillable 883 
Photo-electric 924-6 
Polarization of 934 
Porous 937 
J'riinary 116-7 
Saturation of 1057 
Secondary 1064 
Selenium X0O6-8 
Since iioH 
Standard 177, 1140 
Stor.igc ii()4 
Table of t\ pes iKi 
Weston 177 

See Aceuinulator ; Battei v 

C.G.S. UNITS 203-204 

See Units 


CHARACTERISTIC 204- 
206 

of an s 706 

crystal detector 194 
Fxteiiial 545 
I'alling 491-2, 545 
of filters 514, 515 
Full load 545 
(if'iurntoi 205 
of msulatiug maten d.-, 
680, 6S5 
,, lamps O25 
,, lighting fittings 755 
., loud speakers 781 
Alotor-. 2oi>, 1066 
Sene* lo6h 
Short eireuit 1084 
‘^Inint 10R8 

of thermnuiic vmIvps 190 
\ alv e 2c>5 
of X-ravs log 
CHARGING 

Sec Aecuniulator 


CHOKE 214-217 

Air tore 217 
Applications of 215-6 
As protective device* 
2T(i-7 

( an.icity rouplmg 217 
(.apacitv filter 217-8 
( «mipnrisou with puic 
resistance 2 i 5 
( «uitrol 218 
Ml filter* 357-8 
Hysteresis effects in 215 
Inductance of 214-5 
I roil -cored 215 
in oscillating circuits 216, 
217 

,, parallel generators 216 
Sfjleiieid 216 

CINEMA EQUIPMENT 218- 
221 

Floats 523 
Projector <16 1 
Rectifiers ()2()-7 
Sound f'lm plant 1113-9 


CIRCUIT 222-224 

CalrulcitlOiiS 27, 372-4, 

481 , 182 

Cai>n<ity bridge 186-7 
Caparitv in A.C. 186, 

274, 275 ^ ^ 

Coiiuling of : See Conp- 
hng 

Current 224 
Diagrams 234-40 
Lay-out torcinemas 218-9 
Time constant of 207 
Types 222-4 
“aperiodic 66, 224 
—closed 158 -9, 222, 245 
— control 224 
— discharge 223 
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CIRCUIT 


COUPLING 


CIRCUIT uon/rf.] 

TypM» divided 456-7 
— earth return 224, X044 
— exciting 224 
external 487 
— inductive 4H2 

- magnetir 227-4 
--open 157-H1 222 i 692 
— Dower 27b 

— primary 223 
—quadripole 983 
— regenerative 1020 
— relay 723, 1331 
— return 1044 
— secondary 223 
— series 223 

- short : See Short 
Circuit 

- shunt 223 

— suli 223, 388-9, 1170 
— superposed 224 
—trip 1331 
WirelesB 

- -tKcept{)r"4, 87 

— aerial 14-18, 194, 224 
— Armstrong 80- 1 
— autoplex 90 
— Cockaday 246-7 
--filter 514-5 

- (,'rid 224 

— plate 224, 930 
— Ueinart/ 1022 
-rejector 1022 

- resonant 224 

- resonating 1042 

- smoothing 224, 51 t, 

1 loH 

- -tuned 149. 113 7-8 

CIRCUIT BREAKER 225 
233 

lliis-toupling 1211 
Construction 2 2 5 - 31 

— carbon bieak 220 

- contacts 22()-7, 229-31 

- dash-pots 3 so 
' -msiil.itriis 230 

- magnrtn blow -(nil 22(1 

- fiper.iiMig mechamsiii 
.■> 27 - 8 , 231-7 

- I « lease io2(< 

-trip gear 228-0. J3.- 
( ut-oul 90, 270 I, 345 t- 
1 )isti ibiitiMii boaid 389 
liulies 232 

Low fdt.igc role, ISC 787 
Mainic-nanrc 232-3 
1*1 ote( tioii 2 ■•8 
Types 22s -3.1 

- air 225-9 
automate (jo. 225-33 
-de-ion 351 , 794 
-iloinestn B31 

— double-pole 393 

L H r 4H8 

- liigJi speed 227 

- - rnimatare 830 
-miniiMum 831 
-no voltage 787 

oil 229-31 

- -overload 903 

- leelosing 

-reverse curr<Mit 104^ 

- undei voltage 787, 831 

- watertight 1384 

COEFFICIENTS, general 
list, 247-248 

Absorption 3 
Dielectric 363-4 
l 3 ispersioir 37 g, 734-5 
Fringing 544- 5 
Leakage 379, 734-5 
Loss 777 

of Perception 506 
Stein met z 116 3 
'I'einperaturc 1249 
Voltage 1372 

COIL 250 264 

Armature 78-9 
— diamond type 360 

- dummy 398 
—short type 1085 
Compensating 265 
Construction 250-4 
— comluctors 232-3 
— dimensions 251 

— (ormer wound 534-5 
— impregnation of 234 


COIL {cotUd ) 

Construction, insulation 

253. 688 

—joints 253-4 
— leads 253 
—shape 254. 534 
—winding 254. 534 
Electro-magnetic 251 
Exciting 487 
Field 510 

Ignition 248-9, 250 
Instrument 265, 399 
Overhead line 409^ 995 
— Brown-Boveri 149-50, 
401, 409 

— choke 770, 995 
—drainage 393-4 

- kicking 715 

— Petersen 401, 409, 917 

- reactance 409, 995 
Resistance 250-1 
Search 1064 

Senes 1069 
Shunt 1086 
Transformer 1314 
ireless 

-basket wound 113 

- powder core 946 

COMMUTATION 254-265 

Improvement of 352, 
997-8 

of differentially wound 
motors 367 
Zone of 1430 

COMMUTATOR 255 200 

( are of 258, 540, 58^ 
Design 256-7, 572, 573 
Lnd plates 256 
Faults 257 

I l.ish-ovcT fill 259-60 
Insulation 088 
I.osscs 261 
Mnn 256, 258 
(M erhcating of 259, 579 
Kadial 260 
Kipple 262 

Segments 255-6, 259, 352 
Single-phase 1099 
Sparkingon 257, 259, 202 
Spnler 262- 3 
J ransformer 263 
“ V ” type 2 5b, 1381 
l*latt' 1 p 2 5<> 
CONDENSER 274-280 
Bank 112 

Capacity reactance o! 189 
< barging 207 
Dis( barging 37O- 7 
Power 271-8 

- -ai lifit lal 27 j 

-- elertrolytic 435-6 
— static 27b 

— synchronous 275 - 6, 
1231 

- type bushing 164. JvSo 
Radio 278-80 

- balancing loS 
-' hy-pass 165-0 

- fixetl 270 

- «ang 553-4 
van.ible 278 

'lestiiig rirruil 2;S 

Types 

- Billi 131 

- block 133 

— Leyden jar 738 
— Mansbndge 805 
— Moscicki 277, 834 

- rotating 275 -6 

CONDUCTOR 280-282 

Armature 476 
Asymmetric 84-5, 194 
Cottoii-covcred 352 
Current capacity 326, 

341-a 

Dead 352 

Discharge of 376-7, 5S1 
Electrode 4 29 
F'lrst-class 429 
Ceases 701 

Heat radiation of 2S2 
Inductor 670 
Installing 14^0 
Insulation 169, 352. 688 
Ionization effects 197 
.Jacob’s lest 705-b 
Jointing of 706-10 


CONDUCTOR {coiud ) 
Lightning 768 
Liquids 700-1 
Live 772 

Movement in magnetic 
field 399, 438, 458 
Overhead line 50-1, 899, 

2164 

Ribbon 1047 
Silk-covered 1096 
Sizes 167, 251-2 
Skin effect 1102 
Tinned 170 

See Aluminium ; Cable ; 
Copper ; Resistance 

CONNECTOR 290, 707-708 

Adapter 13 
Binding post 131 
Bond 134, 289 
Brass 273 

Conduit accessories 2 8 6-7 

Connecting box 289-90 

for Cafiles 297 

Inter- 692 

Jack 705 

.lumper 71 1 

Use in factoriec 490-1 

CONNEXIONS 200-202 

Barrel- wouml 112 
Butterfly 164 
Cross 336 

Delta 355, j 140 1, 1 3^0 
Dessaiier 35b 
Diametric cil 306 
Lnd 476-7, 515 
Lcjuahzing 336 
Equipotcntiiil 336 
Interlocking 675-6 
Lattice* 47G, 728 
Link 77 J 
Mesh 355 
Parallel 908-9 
Scott 922, loOi, 1 Tf.3 
Senes 1069 
Scrus-inulliple 1072 
Skew 476-7 
Star 1 1 4c>, 1 319-20 
Stein mc'tz 1163 
'rransforiner 1 319 -20 
•• V ” 1365 
“ V ” end 1367 

•• ^ ” 1428 

Zig-zag 1429 

CONSTANT 

Set’ ! actor 

CONTACT 293-204 

Arcing 67, 226. 227, 230, 


oeii 122-3 
Breaker 294 
Burglar alai m 158 
Carbfiu 226, 297 369 
Care of 294 

Circuit breaker 226-7, 
229. 231, 203 
C-oppcT 226-7, 229 
Finger type 294 
ill Dimmers 368-9 
III Jointing 70(1-10 
Lamiiiatecl 229, 293, 29S 
Line 226 
Low Noltagc 2Q1 
of Contactors 293, 295-7 
Platinum 930 
Points 635, 804 
Self-cleaning 293 
Surfaces 297-8 
Wedge 1363 
Wipe 1404 

Sie Circuit Breaker; 
Switchgear 

CONTACTORS 295-897 

A C. 296-7 
Applications 295 
in Automatic starter^ 90 
Operation of 297 
Series lock-out 1074 

CONTROL 800 

Automatic 512 
Cascade 196 
Choke 218 

Field 485 "fi. 5”-! = . 5^9 
Gravity 673 
Multiple unit 1296 
of Frequency 541 
of Induction motors 665 


CONTROL (contd.) 
of Shunt motor 695 
Panel 301-2 
Pole changing 935 
Push-button 980 
Radiovisor 992 
Room 301-2 
Series parallel 1072-3 
Spring 673 
Star-delta 1141 
Supervisory 1178 
Third brush 1269 
Variable voltage 1372 
Ward-Leoiiard 1381-2 
CONTROLLERS 800-301 
Drum type 394-5 
Exciter field 486-7 
in Factories 490 
Liquid 771-2 
See Plate f. p. 77z 
CONVERTER 304-800. 
871-872 
Anode 63 
Auto 89, 90 
Binary 131 
Cascade 308-9 
C.M B 89-90 
Damping of 348 
Iii\'erted 307 
M.L. 63 
Motor 308-9 
Rotary 304-9, 1049 
Starting rotary 307-8, 

1177 

in Sub stations 1177 
Syiichruiious 444. 542, 

1232 

I'hrce-to-six phase 360 
Transformers 305-7 
Transvertci 1329 
COOKING 809-824 
Bakehouses 104-5 
Modern apparatus 309- 
■ 24 , 39^-3 
Oven 104, 309 
Peel type oven 104 
Thermal storage 1263 
Plvde J. p 312 

COPPER 326-329 

Alloys 25, 718 
Comparison with alu- 
minium 326-7 
(oiitacts: Contacts 

t.unent - carrying capa 
uty 328 
Loss 429 

Oxide rectifier 821-2 
Plating 330, 466 
Refining 432 
Resistance 168 
Safe working current 329 
V\ ires m cables 328 
Set- Cable , Conductor ; 
Fuse 
COSTS 

of Distribution 381 
Economics of a motor 413 
of Generation 381 
of Instruments 673 
of Lifts 749 
Lighting efticienev 413 
Saving due to " Grid ” 590 
COUPUNG 833-385 

Aerial 10 
Anode 63 
Auto-inductiy’e 90 
Band-pass filter iii, 112 
Capacity 187-8, 334-5 
Choke-capacity 217 
of Circuits 333-5 
Close 244-5 
of Condensers 553-4 
DcMce 333 

of Exciters to alter- 
nators 483-4 
High-frequency 613-14 
Inductive 669-70 
Intervalve 783-4 
L.F. transformer 784 
Linkage 771 
Loose 777 

Mechanical — of conden* 
sers 553-4 
Regenerative 81 
Solenoid 333-4 
Transformer 64, 333 
Variable 333, 777 
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CURRENT 


FLUX 


CURRENT 838-341 

Corkscrew rule for 330 
Density 341-a 
Eddy 413-4 
Faradic 405 
Foucault 413-14 
Galvanic 552 
Idle 633 
Induced 637 
Interrupted 698-9 
Ionic 700-2 

Kirohhoff’s rules 456-7 
Limiter 142 
No-load 882 
Peltier effect of 912 
Positive 940 
Pulsating 975 
Reacti\e 995 
Shaft 1076 

Short circuit : See Short 
Circuit 
Spill 1124 
Stray 1164-s 
Thermal effect of 340 
Thermionic 1263-4 
Transformer 342-4 
Transient 1324 
Wattless 1386-8 
See Alternating Current ; 
Direct Current 

CURVES 344-345 

Alinemcnt < hart 22 
in Calculus 30b 
Cosine 33 * -2 
Falling 491-2 
Graphical 585 -6 
Load 773 
No-load 882 
Peak 911 
Polar 934 
Sine 1097-8 
See Mathematics 


r|AMPINO 

Ammeters 53 
Dash-pots lor 5s, 350 
Dead-beat 352 
Lddy current 5 \ 
of Kntary comerterN 348 
of Synchronous motors 
348, 029 
of Waves 347-8 
Windings 348, 629 
Ste Instruiricnts 

DETECTION 356-360 

Anode beiul 64, ;;-59 
Crystal 338 
Crrid 359-60, 588 
in Modern receivers 997 
Use ot carborundum 194 
Valves- See Valve 

DIELECTRIC 362-363 

Absorption in 3 
Baur's constant for 119 
Breakdown forming 
corona 331 
Constant 184, 363-4 
Deterioration of 521 
Electrostatic circuit in 

655 

l-atigue 364. 

Flux density 184-5 
Hysteresis 364-5 
in Condensers 2:7 
in Senes 184-5 
Leak 734 
Loss 683 
Permittivity 1R4 
Protection ibq 
Strain 362-3, 365, 377 
Strength 365, 377, bho-i 
Stress, symbol of 347 
Testing of 377, 52 *--’ 
Thicknesses of rubber 
cables 168 

Sec Insulating Materials 

DIRECT CURRENT 369- 
874 

Calculations 372-4 
Conversion from A.C. 



Conversion to A.C, 307 , 
372 . See a/so Rectifiers 
Transformer 372 
Transmission 370- 1396 


DISTRIBUTION 381-888 

Board 388-9 ; Plate f. p. 
388 

Box 508-9 
High-voltage 383 
Lo\v-\oltage 384 
Main 390 
Parallel 909 
Polyphase 535-6 
Rating 388 
Rural 387 
Section box 508 
Senes 1275. *326 
Thury 1275, 1326 
Srr Grid Sj-stem ; Net- 
works ; Overhead 
l.incs ; Tiansnussion 

DYNAMO 368-399 : 

Generator 


P ARTHINO 402-412 

" Aerial 15, jii 

Chemical effects due to 
insufhcicnt 213 
Counterpoise in place of 
332. 410. 411 
Giound 594 
in Power work 402- ti 
in Radio 411-12, (J94-5 
Installations 292. 490 
Leakage indicator 735 
Regulations . Sec Regu- 
lations 

Switches 1213 
to Suppress interference 
694-5 

EDUCATION. Intro. Art. 
Vol. IV. 

National tcrtifiratc S6q 
Technual training 123H 

ELECTRICITY 421-427 

Coinmi'-'Jioners 427-8 
Ewing’s theory 449-50 
Negative 8 70- 2 
Pi<‘70 effect 927 
Positive 940 
Proton 974 
(Juan ti tv of 983 
Quantum theorv 983 
Kadioacli V ity 989 
Unit of 57, 424 

ELECTRO-CHEMISTRY 

Arcurnuiator^ See Accu- 
mulators 
tations 199-200 
Chemical effects 212-3, 

424-5 

Colloid rectifier 254 
Effects of current 340 
Efjnivalents 430 
Faraday’s laws 493 
Source of current 370 
See a/io Battery , F-Icc- 
iroly’sis ; F^lectro-plat- 
ing ; Extraction 

ELECTROLYSIS 429-434 

Cataphnresis 196 
Cell {liaphragrn 3fii 
Goi rr*sion 436, 499-5110 
Effect ill cells 1 15 
Electrode position 430-1, 
462-8 

Furnace 430 
(jcilvani/ing 552 
Meter 114, 436 
tfsmosis 196, 499 
Resistance of electrolytes 
1042 

ELECTRO-MAGNETIC 

Current Iiinitcrs 342 
Discharge resistance 37S 
Disturbances 437 
Ivffect of current 425, 

436, 448-54 
l‘'ara<lay ’5 laws 495 
Machines 437 - 46 » 454 
Power transmission 427 
Shielding 1077 
Theory of light 446-7 
Units 447-8 
Waves 656-7 
See also Theory 

flUBOTRO - METALLURGY 

: See Extraction 


ELECTRO MOTIVE FORCE 
465-469 

and pressure 958 
Applied 642-3 
Back 101-3, 458-9 
Impressed 645 
m Divided circuits 456-7 
Induced 457, 643, 651-2 
Lenz’s law 457-8, 737 
Relation to P.D. 456, 
941-3. *3 73-4 
Kclatioii with llux 437, 
53*-3 

ELECTRONS 422. 469-482, 
470-471 

Dischaigc 462 
Emission from cathode 
197-8 

F'mission from filament 
377 . 461. 557-8 
F!xccss with charge 206 
Flow’ 460 
Free 206 

in Dielectrics 365 
in the Atom 87, 460 
Ions 461, 700-2 
Relay Sti Valve 
ELECTRO-PLATING 462-9 
Dck toriiig in 392 
Printing surfaces 472-3 
Silver 1097 
Solutions 466-9 

ELECTROSTATIC 

Charge 206-7, 470-r 
Circuit (155 
Corona discharge 331 
Coiipl.ag ih/, 188 
Discharge 37^ 7 
Field 4(19-70 
1 notion 370 
Induction 470-1 
Instruments 455. 4 71-2 
Intcrlerence iHn 
Ley lien jar 7 38 
Precipitation 955 
Sties> it6g 
Units 4 71 

ENERGY 477-478 

h actor 47.8 
J.ossc., 478 

EXCITER 483 486 

.■Mteriiatoi j2. to 
I^ircet coupled j'^j 5 
J.)ischargc lesi^taiue in 
378-9 
Excitation 
— St pai alt 491, 49 ' 

— sene.- 491, 4 ti 2 . I 07.) 

— shunt 491, 492. ir>n8-'j 
Ficdtl rheostat 4.S5 (> 
Stablb/ed 485 -<> 

EXTRACTION 455. 545 

.'Miiininiuni 52, 54(1 
Chlorine and e.iustic soda 
434 

Copper 432 
Electiolvtic 432 9 
F.lectrotlierinU' 54(1 
Cit»ld 433 

Hydrogen and oxygen 4 34 
Metal waste 4 33 " 

Silver 4 33 
Zinc 433 


pACTORS 489 

* Amplification 59 
Attenuation 87 
Baur’s constant 119 
Breadth 247, 1128 
Decrement 353-4 
Demand 355 
Depreciation 640, 754 
Dielectric constant 184 
Distribution 247, 1128 
Diversity 640 
linergy 478 
Form 535 

Leakage 247, 734-5 
Load 773-4 
Power 947 -50 
Space 1120 
Spread 1128 
Station load 1155 
Utilization 640 
Variation 1364 
Winding 1128 


■ t 
* * 




FANS 492-494, 588. 962 

FAULTS 465-605 

Accumulator 9-10, 211 
Automatic telephony 93 
Battery eliminator 1x8-9 
Bell circuits 128 
Breakdown 140-1 

Cables 498-505 

— Blavicr’s test 133 
— continuity 298 
— isolation of 500-1 
— localization 133, 143, 

409, 500-5, 776-7 
— Murray test 143, 503 
— Varley test 143, 1364 
Cut-out 271 
Earth 401-2, 409-11 
Exciters 49-50 

Generators and Motors 

495-7 

—alternators 48-9 
— armatures 77-8 
— commutators 257-8 
— D C. machines 272-3 
— induction 666-7 
—in performance 497, 
579 

--in shunt-wound 1093 
—starting 495-7. 579 
— stators 1 1 59 
— Chart /. p. 496 
Gramophones 585 
Indicators 735 
Loud speakers 132 
Signalling network 974 
Starters loi 
Switches 1196 
Testing for 503-5 
Vatuum cleaners 1^52 
Wiring installations 500, 
1405-20 

See F’rutcctive De\ ice-, 

FEEDER 506-508 : See 

Cable; also Plate /. p. 508 

FIELD 509-510 

Coll 510 

Control 485-6, 589 
Cro~s 336-7 
FJcctrostalic 469-70 

MagiKM 510-11 
Magnetic 451-2 
Produced by chaiged 
hodie-, 307 

Regulator 511-12, 695 
Rotating 1050 
Senei 1070 
Strength 512-13 
Wnuling 513 

FIELD SUPPRESSION 

Alternator 

I)is( harge resistance 37W 
Switch 379, 5 * 3 , 695' 
FILAMENT 513 
Burn-outs 513 
Carbon, 193, 5 * 3 . 7*9 
f. mission of elections 377 
Metal 821 
Non-sag 513 
Spiral 513 

Tungsten 513, 719-20 
See l.<iinp , Valve 
FILTER 614 

Band-pass no-12, 51^ 
Battery eliminator 1 1 7- 
8 , 5*4 

By-pass condensers m 
166 

Characteristic.- 514 
Choke-capacity 217-8 
Circuit in detection 357- 
8. 5*4 
( ir( ults 515 
Harmonic 514 
Scratch 5*4, *061 
Smoothing 514 
FLEXIBLE 622-523 : See 
Cable 

Brush 151, 573 
Cable 170 
Cord 330 

FLUX 531-633 

Cross 336-7 

Density in dielectric 184- 
, 5 . 532 

iilectrostatic 531-3, 770 
Leakage 734'5 
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FLUX 


INSULATION 


'flux (contd.) 

Lenz’s law for change of 
457-8 

Lines of 77o-r 
Luminous 533 
Magnetic 531-3. 797 
Meter 533 

Kelation to magnetizing 
force 799 

Relation with E.M.F 437 
Suppression of armatuie 
265-6 

Testing I257 
Xig’Zag leakage 1429 

FORCE 

Between charges 200-7 
t'oeicive 248 
( ouloitib’s law 206, 1285 
l':iectro-niotivc 455 -9 
hxerted by cathode ravs 
107 

Lines of 469-70, 770-1 

FREQUE)fCy 426 427, 541 

Audio 88 

Changer 542-4 
—static 543-4. 1154 
— synchronous 542-3 
Control 337- 8, 541 
t.ycle of 346, 426-7 
]-)jstortion 3H0 
“ Grid 541 
’Measurement 544, 715 
Radio 99<^ 

— beat 121 
— earner iq5 

- heterodyne (109-10 

- oscillatory circuit 245 
--supersonic 1182 
Relay 544 

Standaid 54* 

Supply 25, 541 
Unit 608-9, 715 
See also High Fretiucncy ; 
Low Frequency 

FURNACE 546 

Arc 68, 546, O08, 1108 
-alunniiMini 52 
— Hermilt O08 

- icsistancp 5 ( 6 
— Snyclei iioH 

— Stilssano 546, 1153 

- Stobu! 1163 
Klectrolytic 436 
High-frequency 414, 

(115-6, 884 

-Northrup 615-6, 884 
induction 5411, 615-6, 

716-7 

-spark gap in 1121 

- -\ al^’es in 1 3(>4 
Low-frequcnc V 546, 716-7 

- Kjillin 54(1, 710 7 
Resistance 54(1 

— Arhesoii i 2 
-- Baily 104 
Str P'ale f p. 616 

FUSE 547 551 

(. urriTil capacity 329, 
54 7-n. 732 

- Preecp’s formula 950 

High voltage 103-4, 488, 
549-5* 

- Aerollex 550 

— < arbon tetrachloride 

*93-4 

—cartridge 551 
oil-break 8»y 

- S. & C 193-4 

- /cd 551 
Isolating link 379 
Light duty 54/ 9 

- board 38R-9 

- bridge 144 

- lopper 320, 547 
— splitter 389, 1127 
Materials 23, 329, 547, 

956 

Switch 549-50, 1208 9 
Ventilatuui of 1329 
Plate f. p. 551 


QALVANOMETER 552- 

Astatic 83-4, 553 
Ballistic X09, 553 
Calibration 178-9 


GALVANOMETER {cotUd ) 

D’Arsonval 349-50 
Einthoven 418-19 
Mirror 83-4 
String 418 

Substitution method 1179 
Tangent 1236 
Thermo 12616 
Torsion 1285 
Vibration 143, 1370 
See Instruments ; Meiers 
GAUGES 561-563 
A.W G 146, 5(12 
Bii unnghani wire 131, 
146, 562 

British standard wire 
145-6, 562 118H 
B & S 146, 562 
French wiie 540 
Imperial wire 145-6, 562, 
644 

S W G II 88 

Tabular comparison 146 

GENERATION : Stc Power 
Station 

GENERATORS 571-580 

Characteristics 205, 882 
C ircle diagram 660 
Cyclic irregularity 346 
Ihrcct coupled 369, 564, 

571 

Dual purpose 362 
Dynamo 398-tj, 655-6 
— (Uimpciisating coil in 
265 -6 

--compound 268, 491-2, 
574-6, 898 

— Hopkmsori test (>21 
— polarity determination 
565. 934 

Earthing. See Earthing 
Eddy currents m 413-4 
Faults in . See I'auJts 
Induction 659-O0 
— high-frequenev 361 
Mi'l niff do- 820 
'll. ‘ K xp' ah*' 830 
Protection 829 
Regulation 1020 
Salient pole 1057 
Senes 1070 
Sets 564-71 

Shunt-wound 483-6, 574- 
0, 1091 

Thi orv 4 37 -40, 454 
Tran''/oriucr 1324 
.See Alternator , Exciter; 
Protective Device- 
GRAMOPHONE 582-585 
Motois 583-4 
K.idu'gr.iiii 900-2, looi 
Rccoidinfi 1006-9 
** GRID SCHEME 589- 
594 

Bulk supiilv 157. 593 
Central klcctiicity Board 
202-3, 591 

tontiol rt)om 301-2, 594 
Disconiuctiug links 379 
I'lCqueucv 54 
Network 8771 
Primary iircuits 223 
Protechon 594 ’ See Pio- 
tective Devices 
Remote contiol 1033 
.Sub-stations ii7t 
Switchgear 488, 3813, 1223 
Plate f p. 59 - 


UARMONICS 597 598 

■ 1 A C circuits 597-8 
Alternators 408, 59H, 1270 
Generators 408, 598, 1270 
Transformers 408, 1314 
HEATERS 601-606 
Convectors 303. 967 
Elements 312-24, 473. 

599 

F'lres 517-9 
Hot-plate 627 
Immersion 640-2 
Iron 729-30 
Kettles 7*3-4 
Panel 906 
Radiators 987 
Tubular 1337 


BEATING 599-606 

Cables 173, 4*4 
Commutators 259 
Conduction 600 
Conductors 282 
Contacts 294 
Convection 302-3, 600 
Domestic : See Heaters 
Fddy current 414 
Effect of current 173, 340, 


374, 424 


Joule’s law, 71 r 
Radiation 600, 986 
Thermo-electric 370, 1264 
Unit 146, 181 


HIGH FREQUENCY 612 

.Amplihcatum 612-15 
Choke 216 
Currents 361, 615 
Generator 361, 616 
Ost illatnins 6oq-io 
.Skin effect 644, 1102 
See FTequenry 

HIGH TENSION 487-488. 
616 

Battery 616-7 
Bulk supply 157, 593 
Bushes 104 
Cables 174-5 
Condensers 276-8 
Distribution 38 3 
Rre;:*atien^ loR, 487, 899 
>fe (ir,.: ” Scheme; 

Supply 

HYSTERESIS 630 633, 798 

Dielectric 364 
F^ffects in chokes 215 
Ivoop 632, 798 


iiii.i ■ / « ( : ,63 
Testing for 63' 


ILLUMINATION 636-640 

* Artificial daylight 350 
Coefficient of piTception 
506 

Cosine law' 332 
Depreciation factor C40, 
_ 753-4 

Distrilmtion of light 6^6, 
752-1 

Fechner’s law 506 
Glare 6 to, 751 
Luminous intensity iSi. 

533-4, 636. 697 
Polai curve 637, 755, 934 
Standards 181. 533-4 
Unit 0/ luniiiiou- inten- 
sity 697 
Sec Lighting 

IMPEDANCE 480. 642 644 

Condenser shunt i()6 
Reciprocal 14 

INDICATORS 647-648 

Bells 122-8, 647 -8 
Burglar alarms 157-9 
Buz/pts 123, 165 
Call 180-1 
Circuits 126 
Clock® 24 1 -.1 
F'lre alarms 51 (>-7 
Horn 62 2-3 
Leakage 735 
Maximum demand 809 
Polarity 934 

INDUCTANCE 652-653 

A C. circuits '•7, 30 
Balancing off 108 
— in Battery eliminators 
118 

Calculation of 214-ip 
— Ill Chokes 214-15 
Cod 113, 653 
Effects of 342 
Measurement 60 
Mutual 653 
Symbol for 718 
Unit of 608 

INDUCTION 654-657 

Cod currents 495, 657-9 
Current 055 

Density variation with 
magnetization 130, 
45*-2 

Eddy GUirrents 4*3-14 


INDUCTION (contd.) 
Fdectrostatic 470-1 
Frictional 423 
F'urnace ; See Furnace 
Generator 659-60 
Instrument 660 
Lenz’s law 457-8, 737 
Magnetic 654, 797 
Method of testing 504-5 
Mutual 454-8, 869 
Regulator 667-8 
Self 653, 1068 
Symbol for loi 

INDUCTION MOTORS 661- 

667 : See Motors 

INDUSTRIES 671 : See 

Pov^'cr 

INSTRUMENTS 672-676 

Ammeters ; See Meters 
Aperiodic 66, 352 
Apparent power 715-16 
Audiometer 88-9 
Calibration of 178-80 
Compensating cod in 265 
Constant of 292-3 
Damping of 348, 4x4 
D.C varieties 370 
Dead beat 352 
Dynamometer 399-400, 
535, 712-13 

Electrometer 455, 1236 
Electrostatic 47X-2, 1379, 
1390 

Form factor 535 
Gravity control 673 
Hot w'lrc 628, 1378 
Indication in drawings 
237 

Induction O60 
Kflvm balance 7x2-13 
Maximum demand indi- 
cator 809, 819 
.Measuring permeability 
916 

Micrometer 826 
Moving coil 54, 535, 865 
Moving iron 54, 866 
Ohminieter 885 
Range variations 673 
Recorders 1005 
Rectifier 10x2 
Shielding 1077 
Spring control 673 
Standards 673 
Super»cale 1x82 
Svnchroscopt •>, 1050, 

1233-4 

iemper.ilure effects in 
54, 1249 
lorque in 1285 
Torsion balance X285 
X’lbiating reed 1370 
\'oltameter 1376 
See Galvanometer ; 
Meter , Oscillograph 

INSULATING MATERIALS 
679-689 

Asbestos 53, 83, 686 
Bakelite 106 
Bitumen X31-2 
Celluloid 200-x, 209 
Chatterton’s coiripuund 
212 

Compound 266, 676-7, 

(187, 709 

Cotton 351, 683-4 
Creosote 335 
Ebonite 412 
Empire tape 4 75. 6/7 
Enamel 475 
Impregnation of 644-5 
Indiarubber 167, 646, 

680, 1055-6 

Mica 256, 258, 686, 825 
Paper 170-5, 684, 906 
Porcelain 687, 937 
Press-bo.'vrd 684, 957 
Slate 687, 906 
Tape 475, 677-8 
Testing 377 
Varnish 678-9, 687 
Wax 1393 
See Dielectric 

INSULATION 679-689 

Alternator bearing 50 
Bushing 289 
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INSULATION 


MAINS 


inSULATIOR {contd ) 

Cable 16K--77 
Coil windiiif^s 25^, 3^3 
Commutators 256-8, 520 
Distribution board 388-9 
Failures 401-2, 734 
Flash test 521-2. 1253 
Flexibles 523 
Grouping 363 
Leak 734 
Osmosis 196 
Oxide scale 413 
Permittivity 682, 917 
Puncture strength 977 
Resistance 682, 70^-6 
Slot 363, 688 
Testing 377, 579. 688, 
810, 977. 1253 
Wires 328 

See Dielectric ; Insulat- 
ing Materials 
INSULATOR 689-691 
Atomic structure 87 
Bush 163-4, 6gi 
Capacity 185, 363, 1170 
China 1409 
Circuit breaker 230 
Flash-o\er 520-1 
Joint 708-9 
Link 691 

Overhead line 900 

— pin 689-90, 928 
— porcelain 937 
—shackle 690 
— strain 11 87 
—string 1170 
— suspension 691, 1187 
Resistance of 1042 
Senes 363 

Testing 144, 520, 1058 

IRON 702 703 

Hysteresis : See H>stere- 
sis 

Losses 703-4 
Magnetite 798 
Magnetization 79S-9 
Permeability 703. 792 


fOINTS 706 710 

Bus-bar 160 
Cables 709 
Coils 253-4 
Scarf 707, 1057 
Spliced 1124 
Testing 1254 
Toggle i2«o 
This led sleev'e 1338 
See Connei tors 

JOINT BOX 710 711 

Bifurcating 131 
Bonding 134 
table 175-6 
CoiTipound in 2O6. 289 
Connecting box 2K«j 90 
Disconnecting links 379 
Distributing 3K8 -9, 508-9 
Dividing 391 
Draw-in 394 
Feeder 508-9 
for conduits 286-7 
Junction 710-11 
Straight through 289 
Tee 289 

Trifurcating 1329 
See Cable , ConncMoris 


I AHP8 719-727 

Arc * See Arc 
Argand burner 71, iHi 
Bastian 113-4 
Capping 1 19, 189-90, 

417, 580, 722-3 
Carbon niarnent 193, 

719. 720 

Carcel 181 

Coopcr-Hcw itt 325, 72C, 

727 

Daylight 350-x, 559-6o 
Efhciency 727. 752 
Electrodes 720-1 
Electronic discharge : See 
Gaseous, Hot Cathode, 
below 

Escura 624 
Exating X114 
Fmsen 514, 516 


LAMPS {eontd,) 

I'lame arc 519-20 
Frosted 726 

Gaseous discharge 537- 
60, 633-6 

Gas-filled 560, 720, 722 
Glim 580 
Hand 596, 597 
Harcourt pentane x8i 
Holders 727-8 
Hot cathode 557-6o, 
623-6 

Inspection 596, 597 
Maintenance of 752 
Mercury vapour 325, 
819. 2344 
Neon 872 
Nernst 876 
Osglim 872 
Osira 624-5 
Pilot 928 
Pipless bulb 929 
Pomtnlitc 933 
Projector 725, 960 
Hating 720 
Series 724-5 
Sicray 626 
Straight vacuum 721 
Tantalum 1237 
Tubular 1337 
Tungsten filament 719-20 
Ultra-violet 1313 
Vacuum tube 1353 
See Illumination ; Light- 
ing 
LIGHT 

Absorption cocfhcient 3 
Candle-power 181 
Current source 370 
Distribution 636 
Elet tro-rnagnctic theory 
of 446-7 

Electron theorv of 557-8 
Infrn-rod rav alarms 159 
Kerr’s effect 713 
Modulation 1248 
N('rtovision HHi 
Plane polarized 713 
Reflection 760 
Refraction 761 
Relay 768 9 
Spotlight 1127 
Transmission 760-1 
Unit of flux 788 
V alve 768-9 
UGHTINO 751 760 

Bowl 648 
Breweries 142 
Buildings 525, 757 
Cinemas 219-20 
Coinice 048 9 
Depreciation factor 754 
Domestic 648-9, 759 
Economics of 413, 751-2 
Emergency 4 7t-5, 712, 
r / a/ef p 473 
l-lood 523-9, 625-6, 650 
l-'orccourls 527-8 
Garages 527-8, 556, 760 
Hoardings 527 
Indirect 64 8-9 
L.'imp spacing 752 
Lay 73»-7 

Machine shops 755-6 
Neon 873-5 
Planning 753 
Pow'er Stations 953 
Shop window 520, 759, 
1081 

Signs 1095-6 
Signs and post'T-. ic)9f 
Street 625. 1165 -9, Plate 
/. P - 1176 

Theatre 528, 1132 
See lllumiiiatir.n , Lamp; 
and Plate f. p. 752 

LIGHTING FITTIN08 760- 
766 

Bulkhead 156-7 
Celling rose 200 
Cord grip 330 
Factory 4M9-91 
Flameproof 763 
Flush 530 
Gallery 552, 1076 
Lamp eaps 119. 189-90, 
417, 580, 723, 1108 
Pendants 912 


LIGHTING HTTINGS 

{cotUd.) 

Reflectors 129, 351, 617, 
764, 1013 
Searchlight 962 
Shade 1075 

Shade carrier ring 552, 
1076 

Troughs 649-50, 1337 
Watertight 1384 
See Lamps 

UGHTNINO 766-768 

Arrester : See Arresters 
Conductor 768 
Earth wire protection 
185-6, 900 

Surge protection 216, 715 
See Protective Devices 

LOAD 772-773 

Balanced 106-7 
Capacity 388 
Characteristic 491-2, 773 
Characteristic of alter- 
nator 45. 46 

Correction by condensers 
275-6 
Curve 773 
Economical 773 
Effect on oil-filled cables 

175 

Factor 773-4. 1*55 
for Heaters 600 
Inductive 772 
No-load char.irtcristic 
491-2 

Non-induc tivc 883 
Off-peak <<84 
Overload 901-5 
Peak 91 1 
Rating 772 

Summation of A C 1179 
Temperature limit of 772 
Testing by dyiiamomcier 
400 

Torque 1285 
Unbalanced 1348 
Voltage drop 773, 1373 

LOSSES 

Coefficient of 777 
Commutator 2(»i 
Copper 329 
Dielectrif 083 
Eddy currents 414 
Energy 478 
C»encrator 576 
Hysteresis 364-5, 630-3, 
645 

I.K drop 702 
Iron 703-4 
Loss d eh nit ion 777 
Power 480-1 
Separation of 329 
Transl(;rmcis 1J12 

LOUD SPEAKER 777 782 

Baffle 103 \ 

Blasting in 132 
Distortion m 380-1 
Faults 132, 780 
Moving coil 779, 866 
Public address 975 
Sound film plant 1115 

LOW FREQUENCY 782 

Ainpiihcatioii 782-5 
Furnace 546, 716-7 
See hrequency 

LOW TENSION 785 

Circuits and capacity 186 
Distribution 384, 785-7 


MACHINES : See Aller- 
*Y1 natf»r ; Generator ; 
Motor 

MAGNET 791 

Electro- : See Electro- 

magnetic 
Eicld 510- II 
Hold-on 489 
Industrial electro- 739 
Lifting 73R-9 
Lodcbtone 774 
Permanent 450 
Pole piece 935 
Steel 791, X161 
See Electro-magnetic 


MAGNETIC 

Alloys 791 
Axis 792 

Blow-out 133-4, 226, 792 
Brake 794 
Clutch 795 
Coercivity 450, 632 
Couple, 332, 795 
Creeping 796 
Decliiiution 1364 
Deviation 360 
Dia- 360 

Effect on cathode rays 
197 

Effects of current 340, 
451-2, 791 
Fatigue 495, 796 
Flux 797 

Induction: See Induction 
Intensity 451 
Lines of force 450-1 
North 797 
Para- 910 

Permeability 184, 450, 

532, 791, 914 
Potential 799. 943 
Potentiometer 943 
Reluctance 414, 1029 
Rctcntivity 6j2, 1044 
Saturation 1057 
Screening 1061 
Shielding 453-4 
Sources of curnuit 370 
South 797 
Strain 427 
Substances 449 
Sus( eptibility 1187 
Tester 797 
Testing 1256 
V'ariation 1364 


MAGNETIC CIRCUIT 794 5 

Ampere-turns m 58 
Definition 222 
Flux density in 531, 794 
ol Brown-Boven coil 


Reliietance of 794 
T'estmg of 632- { 
Theory 4 4 5-6, 79 t 
Yoke 572 


MAGNETIC FIELD 796 

and relation to flux 531, 
797 

Armatuic reaction in 79 
Core losses 330 
E, fleets on rays x 28, 461-2 
Energy of 378 
Intensity of 563 
Symbol for 596 
Universal 656 
Watihes, eflet t on 13R3 

MAGNETISM 797 798 

and indvK lion 654 5 
As a "-late of strain 440 
Ewing’s theory of 449- 
5<' 

Kemaneiire 1029 • 
Removal of 355 
Resirlual 1029, 1035 
Retention of 248, 450 
'Jerres trial 1251 


MAGNETIZING FORCE & 
MAGNETIZATION 798 9 

(. ah ulation ot 110, 799 
Effect on light 713 
in colls 251 

\ ariation with induction 
density 130, 451 
See Hysteresis 


MAGNETO-MOTIVE 
FORCE 803 

Ampere-turns and 22, 532 
Production of 532 
See Magnetic Circuit ; 
Theory 

MAINS 804 

i^eparlmtMit R04 
Interconnecting 692 
King 1047, 1412 
Service 1075 

See Cable ; Feeder ; Sup- 
ply 



MATHEMATICS 


POTENTIAL 


.B1ATHBMATI08 807~80B 

A.C. calculations 29-32, 
221, 481-2 
Alinement chart 22 
Cosine 331 

Cosine curve 331-2, Vol. 
II. vii 

D.C. calculations 372-4 
Decrement 353*4. 769-70, 
774 

DiHerential calculus 366 
Essential to the engineer 
Vol. II, vii 
Graphs 385-6 
Harmonics 40B, 597, 1314 
Indices 645-6 
Integral calculus 691-2 
Logarithms 774-5 
Nomogram 22 
R.M.S. 27, 4x8 
Sine curve Vol. II. vii, 
1097 

Slide rule 1103 
Tangent 1236 
Torque 1284 

Trigonometrical func- 
tions 1330 
Veoton 1365-7 

— circle diagram 221 

‘ — in 'mathematics Vol. II. 
VII, 1366 

— voltage and current 
relations 1366 

See Curve 

MEDICAL APPLICATIONS 

Latu phoresis 196 
Coolidgc X-rav lube 324 
Crookes tube 335-6 
Diathermy 361-3 
Discharge tubes 702 
I'aradic currents 495 
Fmsen lamp 5i4- i5 
GalvdUK currents 552 
(icisslcr tube 563-4, 507 
Indudioii c»)il 657-9, 809 
Osmosis 896 

ritra-violet ravs 1342-8 
X-rays 324. 1422-8 

MERCURY 

Arc rectifier 811-17: See 
Plate f. p 816 
Break 817 
Interrupter 817 
Meters 265, 571, 818 
S\MUh K18 
III Therinorncters 202 
'I vpe cut-out 3i5 
\ apoiir lamp 11 3-14, 325, 
359. 819. 134-1 

METAL 

L.iininations 718-10 
Lead 731-2 

Metallic vapours 111 lamps 
558-g 

Kec tillers 82 1 
SiKct 1096 
1 ungsten 720. 1338 
See Alloys ; Aluiiiimum ; 
Copper ; I<’\trdelioii ; 
Iron, Kesistaiuc Ma- 
terials , Steel 

METERS 823 825 
Ammeter 32-36 
calibration 180 
--dynamometer type 55, 
399 

— errors in 32-56, 675-6 
-hot-wire- 56, 628 

— induction 55, 660 
— moving coil 54, 865 

— moving iron 54, 866 
—rectifier 55, 1012 
— shunts 54, 1086 

, —temperature effects 54. 

1249 

— thermo-electric 56,i2>6 
Constant of integrating 
292-3 

Errors 52-56, 675-6. 824, 
, ‘389 

1 lux 533 
L'orin factor 335 
Frequency 544 
(Graphic 692. 1005-6 
Polyphase 936 
Ratio 674 


METERS ieontd.) 

Supply 1385 

- -ampdre-hour 57, 7x5-16 
— Arno 81 

— Aron 8 x- 2, 244 
— Bastiaii 114 

- -electrolytic 114, 436 

- energy 81, 478, 716, 

1385 

- - integrating 692 
-mercury 265, 571, 8x8, 

1385 

--motor 823, 1271 
— prepayment 956 

- reactive 995 
— Thomson 1271 
— two-rate 1340 
--watt-hour 7x6, X385 
Testing 56, 1379, 1386 
Tnvector 7x6, 133X 
Voltmeter 1377-9 

-average 101 

- -paralleling 909 

- peak value 91 1 
—plugs 1379 

— sub-standard 399, 1379 
Wattmeter 1388-90 
- -<ly namometer 399, 1 388 

- electrostatic 472, 1390 

- three-phase 1271, 1390 
See (ial\ anometer , In- 
struments 

MICROPHONE S27 828 

Amplifier 897 
Diaphragm 361 
Magnetfiphone 803 
Otophone 897 
Recording 1007 

MODULATION 832 - 833: 

Os( illations ; Waves 

MOTOR CAR 834-845 

Battery ignition 119, 390 
Coil Ignition 248-50, 390 
Distributor 390 
Dynamotor m 400-1 
Horn 622-3 
Ignition in 633-5, 835 
Lamps 723-4. 841 
Magneto 799- 803 
Starting motors 400-1, 
1x50 

MOTORS 848 865 

Alternator 834 
.Asynchronous 85 
Back li M F • See Elec- 
tro- motive losrce 
Characteristics 206. 268- 
0 858, H98, X068 
Commutator 2(11-2 

- lepulsion 1034-5 • See 
below 

— Schrage 1059-60 
— shp-rmg iio5-(> 
.Compound 267-73. 291, 
442, 8(io, 898 
Coiuiexums 290- r 

Construction 830 - (. 

held system 510, .850 

- tiiullipolar 510. 807 

- repulsion Stan 538 
— rtJtor 661, 1033 

— shaded pole 537, noo 
— slip-nng 1105 
--spilt winding 538 
—windings 853 
D C. 370 
Differential 269 
Dyna 400-1 
Economics 413 
Eddv currents in 413-1 j 
Faults 273, 495-7. 666-7 
Idemiiig's rule 522, 737, 
849 

Fractional H.P. 536-40, 
85H 

Generator sets 846-8 
Gramophone 584 

Induction 661-7 

- compensated 264-6 
— in cascade 195-6, 665 

- Single-phase 445, 6O5, 
1099 

— spinner 1124 
— squirrel - cage 664, 
1129-31 

— Starters 1148 
Polyphase 937, *059 


MOTORS (con/i.) 

Racing of 986 
Rating : See Rating 
Regeneration 1019 
Bepnlaion 1034 
— Den 336 
— single-phase iroo 
— Winter - Eichbcrg - 
Latour 1033 

Seriei 442 . 1070, 1099, 
1348 

— conduction 1069 
— induction 1070 
Servo 1075 
Shunt 442 . X090 
— conduction 1088 
— induction 1089 
Single-phase 1099-1x00 
Starting 854, 1148-51 
Synchronous 443-4, 1233 
Three-phase 1272 
Torque in 1284 
Universal 537, 1348-50 


KJEON, Characteristics of 
558-60 

Ionization in 702 
Lamp 872 
Signs 1093 
Tube 873-5 

NETWORK 876 879 : See 

Supply 

NEUTRAL 

Artificial 408 
.Axis 356 

Conductor in cable 172, 
880 

Current-limiting device-, 
342. 409 

Earthing compensator 
879 

Point 407, 880 
Size of 382 
Wire 880 
Zone 1430 
See Earthing 

NITROGEN FIXATION 
880-881 

Arc process 70 
Haber ammonia process 
596 


f%lL 890-881 

in Circuit breakers 

232-3, 891 

Filled cables 175, 891 
Insulating 687-8, 890 
Sw’itch 891, 232-3 
Transformer 890, 1323 

OSCILLATIONS 893 

Beat trc<|ucncy 121, 299 
Chokes for H F. 210 
Constant 893 
Continuous 892 
Damping of 224, 347-8, 
357. 832 
Decay of 35J-4 
III Diathermy 361-3 
Effects of arcs 401-2 
from Levdeii jars boq 
Harmumes : See Har- 
monics 

Heterodyning non- in 
Measurements: if e Oscil- 
lographs 

Modulation of 148, 299, 
337, 357, 832 
Nodes 881 

Oscillators on rotary con- 
verters 307 

Oscillatory discharge 
894-6 

OSCILLOGRAPHS 896 

A.C. 26 

Application to direction 
finding 376 

Cathode ray tube 198-9 
Duddell 397-8 
Hot wire 626 
Irwin 628 

OVERHEAD LINES 898- 
901 

Capacity of 183-4 
Couductors 899, 1164 
Corona effects on 331 


OVERHEAD UNB8(con/(f ) 

Earth wire on 183, 410 
Fault location 409 
for E.H.P. 488 
Guard wire 396, 900 
Insulators: See Insulators 
Intermittent earth faults 
401-a 

Isolator for 379 
Pole preservation 159, 
936 

Regulations tor earthing 
404, 899 

Rural 387 

Surges 185, 901, 1x83 
See Transmission and 
Plate /. p. 900 


PARALLEL CIRCUITS 

* .A C. calculation 31, 183 
Capacity in 183 
Conductances in 189 
D C. calculations 373-4 
Diagrams of 239 
PERMEABIUTY 914-915 
Bridge 915 
Curve 915 

Determination of no 
Effect of alloys on 130 
Lohys steel 775 
Magnetic 184, 450, 703 
Measurement of 916 
of iron 703, 792 

PHASE 918-920 

A C 27 

Advancer 9x7, 1370 
Compensation 920 
Current and voltage re- 
lationships 28 
Four 5 35 
Modifier 920 
Phase difference 919 
Polyphase 919, 936 
--A.C. (ircuit diagrams 
24U 

— distribution 535-6 
— meter 936 
— motor 937, 1059 
Reversal of 1044 
Rotation 921 
Single 1099 
Splitting 921 
Testing out 923 
Ihree 535-6, X273 
Transformer 922 
— three to six phase 923 
— three to two phase 922 
Two 535-6, 1339 
PHOTO-ELECTRIC EFFECT 
924-926 
Cell 9 -’ 4 -6 
— caesium 177 
--colour characteristics 
177, 925 
Cunents 177 
ID Piciuie transiuission 
S43-6, 926 

in S luuil Fllm^ 177, 11x4 
in Tele\isu»ii 177, 925, 
1242 

PLUGS 930 932 

Jai k 705 
Sockets iio3 
Voltmeter 1 379 
Wall 1381 
Watertight 1383 
POLES 935 
.Air-gap 22 
Auxiliary 697-8 
Bipolar 131 

Commutating 483, 697-8 
Compensating 097-8 
Eccentric 4x2 
Interpoles ^67, 697-8 
Negative 872 
Pitch 935 
Positive 936 
Quadri 98 ) 

Salient 1057 
Shaded X077 
Shielded 1077 
W'inding connexions 267 
POTENTIAL 941-943 
Difference 943 
Divider 943 
Drop 770 
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POTENtlAL 


SOLENOID 


POTENTIAL {contd.) 
Electrode 43 x 
Fall of 372-3. 504 
Gradient 943 
Gravitation 941 
Heat 941 
High 942 
Magnetic 943 
Measurement of 943 
Moderate 942 
Nature of 423, 470, 941 
of buried cables 500 
Transformer 944 
Zero 2429 

POTENTIOMETER 044 

Attenuator 88 
Drysdale 397 
Graduation in sound work 


Rheostat 944 

Use in booster control 136 


POWER 047 

Apparent 715 
Calculations 372, 481 
Circuit 947 

in Indnatries 671 

— agriculture 21 
—bakehouses 106 
' “ bootmakiug 239 
--breweries 14 1 
—cement works 202 
— chemical works 213 
— confectionery works 

288-9 

—flour mills 530 
-garages 556 
— gasw'orks 561 
—laundries 729 
. -lifts 743 
—paper making 908 
— printing works 960 

— sound film work 11x5 

— tanneries 1237 
Load 950 

Logarithmic ratio of 353 
Losses in A.C. cl^cult^ 
480-1 

Meter: Sec Meters 
Real 997 
Unit of 623 

POWER FACTOR 047-050 

Correction 264, 274, 2 7(>, 
949 

of arc lamps 69 ^ 

of cables X75 
in synchronous motors 
443-4 

Three-phase 1377 
Voltampdres 1377 
POWER STATION 060 055 
Auxiliary plant 932, 121 f 
Remote control 1030 
Plate f. p. 953 

PROTECTIVE DEVICES 
063-074 

Balance aystenu 9f>9-72 
biassed 130, 970 
— McColI system 130, 971 
— Merz- Price 820, 969 
— self-balancing 1068 
— spilt conductor 972, 
1X25 

Chokes 216-7, 770 
Condensers 277-8, 435-6 
Cut-outs 345-6 
Discriminative 877 
Drainage <ails 393-4 
Earth leakage' 409-ji, 
973 

h'auit signalling network 


*• ^rid ’• 594 

in circuit breakers 228-32 
msoeUaneoni lyitema 974 
— Merz-Hunter 972, 1125 
— mid-pomt 829 
— p^arallel feeder 974 
— Translay 1324 
— Whittaker 1402 
See Relays and Plate j. 


p. X024 

PTBOVBTERS 081-8, 1260 

Q UALOICATIONS 2-8 

Electrical Associations 

420 

Electrical Engineer 2 x 3 

LE.B. 671 


p ADI AVION 087 

^ Electronic tt 


Electronic theory of 


463, 557-8 
of hei 


heat 600-1 


RATING 

Cables x73. 388 
Continuous 298 
Intermittent 696-7 
Lamps 720 
Load 772 
Motors 853, 883 
Normal 883 

RAYS 002 

Alpha 25 
Beta 1 29-30 
Delta 355 ' 

Effects of 563-4 
Gamma 553 
Infra-red 671 
Production of 56^-4 

REACTANCE 002-093 

Capacity i8q 
Coil 119-50, 2x6, 409, 99s 
Symbol for 1422 
See Impedance ; Re- 
sistance 


RECEIVERS 997-1004 

Effects of close coupling 
in 245 

Limit device m 769 
Mams operated 694 
Oscillations m 893 
Output stage 897 
Portable 937-40 
Quiescent push-pull 985 
Radiograms 990. 1001 
Reaction in 994 
Selectivity in 1064 
Television 1243 
'I'onc control in 12S1 
See 'l uning ; Wireless 
RECEPTION 1004 1005 
Autodyne 90, 299 Soo 
Autoplex 99 
Beat 121 

Blind spots in 133 
Broadcast 149 
Continuous wave 1004 
Diagram of 5Q8-9 
Heterodyne 61 1, iioi 
Interference ui 693-5 
Modulated wave 1004 
Regeneration 1019 
Superheterodyne xi8o 
RECTinCATlON 1009-13 
Anode 64, 65, 60, 359 
\udio-ficqnciicy 88 
by crystals 338 
Full-w’avc 1010 
Grid 35Q-60, 587-8 
Principles in detection 
357. 6x0 
Smoothing loii 
Square law 1129 


RECTIFIER 

Aluminium 52 
Arc 70, 811-17, loi 1 
Colloid 254 
Crystal 338, 914 
Electrolytic 436, 8H1 
b’erranti 509 
Hot cathode 626-7 
Instrument 55, 1012 
Marx 805 

Mercury arc 811-17, *011 
Metal 821, 925, 1009 
Neon tube 875, 1012 
Nodon valve 881 
Valve : See Valve 
Ventilation 1369 
REFINING 432-438 : See 
Extraction 


REFRIGERATION 1013-19 
REGULATION 1020-1021 

Accumulator charging 2x0 
Alternators 483 
Boosters 136-7 
D.C. generators 578, xo2x 
Speed 538-9, 1x00 
Voltage 275, 878, X092 
REGULATIONS 1021-1022 
Balanced load Z07 
Building 155-6, x68, 292, 
494, 619-20 
Cinemas 218, 473-4 


REGULATIONS (conld.) 
Current capacity 328 
Earthing 402-3 
ElectricityCommissioners 
428-9 

Emergency lighting 473-4 
Extra high pressure 487-8 
Home Office 618-21, 677 
Jointing 710 
Mines 404 

Ministry of Transport 832 
Motors 62 1 
Neon tubes 874- 
Overhead lines 404, 899 
Rubber cables 1 68 
Secondary batteries 12 
Sub-circuits 1170 
Switches 620-1 
Traction 405, 1287 
V.D.E 1365 
Voltage drop 388 
Wall plugs 1381 
Wiring 1420-2 
Wood casing 196 
See B S 1 Specifications 

RELAYS 1023-1028 

Circuit 223-4 
Electronic : See Valve 
Frequency’ 544 
in automatic starter^, 91 
in bells 123 
Leakage 735-6 
Light 76S-9 
Maximum 965 
Minimum 832 
No-load current in 882 
Overload 904. 1023 
Revers current 966, lo^ 5 
Kever>.e phase 271-2 
Reverse pouer 966, 1045 
Thermal release 1024 
Time element 9O5 
Time limit 1277 
Trip circuit 1331 
' ’s.dr* \ l‘.i. • 1023 

S'V .... P 'VC De- 
vices 

REMOTE CONTROL 1030 4 
1226 

RESISTANCE 1036-1030 

Box 1039 
Calculations 373 

— comparison with chokes 

-15 

- -diop 173, 1041 

— effective 481, 1039 
— tquivalcnt 480-2, 10 J9 
— hisses 173, 1041 
— Ohm’s law 372, 886 
Coil 250-1 
Coupling 335, 1040 
Insulation (.82, 705-6 
Measurement 885, 1038, 
1179 

Puncture 20X 
Reciprocal 281 
Relation to temperature 
1036 

Resistivity 806, 1042, 

1381 

Specihc 1037-9, 1122- 
‘leiupcrature coefhneiit 
103O 

Types 1039 

— ballast 108, 112, 1039 
--contact 297 
—dimmers 307-9 
— discharge 1039 
— diverter 390-1 
—grid 589 
— inductive 1039 
— liquid 771-2 
— negative 872, 094, 1039 
— potential divider 943 

- preventive 939 

— regulating 483, 311 
— slope 1107 
— spurious 1039, 1129 
— starting 1148, 1x51 
— swamping 1187 
— true 1039 

RESISTANCE MATERIALS 
1041 

Carbon 190, 479 
Constantan 293 
Eureka 483 
List of 281 

See Insulating- Materials 
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BBBOSTAT 104<-1047 

Control for alternators 

Field’ 5X1-12 

ROTARY CONVERTER 444. 

1049 ; See Converter 

ROTOR 1060-1064 

Alternator 41-42, 43, 45, 

1050 

Eddy currents in 414, 7x9 
Induction motor 661, 
1053, 1129 
Laminations 719 
Short-circuited 1129 
Squirrel-cage 1129 
Three-phase 1272 
Turbo-alternator 1051, 
1368 

Ventilation 1052 1367 


CCREW THREADS 1062-4 

•J B.A. 112, 113, 1063 
Whitworth 1063, 1402 

SECONDARY CELL: See 

Accumulator 

SERIES 

Capacity in 183 
Cascade 195-6 
Characteristic 1068 
Circuit 223 

Circuit diagrams 238-q 
Coil 1069 

Connexions 290-2, 1069 
Dielectrics in 184-5 
Distribution 1275 
Excitation 491-2, 1070 
Field 1070 
Generator 1070 
Lock-out contactor 1074 
Motor • See Motors 
Multiple connexion 1071 
Parallel control 1072 
I’arallel winding 1074 
Windings m compound 
nirichines 267, 1074 

SHOCK 1078-1081 

SHORT CIRCUIT 1081-1084 

Dehnition of 222 
Device 1085 

Effects 

- in bus bars 101-2. 1082 
— -in bv-pasv c oiulenscr!, 
166 ' 

— in cables 501 
— in circuit breakers 

1082-4 

— in Den motor 356 
— in starters 203, 267 
Protection 228, H78 
{See Piotective Devices) 
Kotor 1120 
Switchgeai 1215 
Testing for 505 

SHUNT 1086-1087 

Box 10H7 

Characteristic 1088 
Circuit 223 
CondcMisers 166 
Connexions 291 
Excitation 491-2, 1088 
Instrument 349-50, xo86 
Motor : See Motors 
Regulator 1091 
Universal 1086-7 
Windings 267, 1087-91 

SLOT 1107 

Alternator 40, 42 
Insulation 688, 1107 
Space factor 1107, 1120 
See Armature , Rotor ; 
Stator 

SOLDER 1109-1110 

\lloys 24 

Connexions 291-2 
Fluxes 11x0 
Iron xjxi 

ill Jointing 706-10, iiio 

SOLENOID 1112 

Blow-out 133-4 
Coupling 333-4 
Flux in 532, 580 
Tilting 325 
Toroid 1284 



SOUND 


TUNING 


SOUND 

*A.coustics of baffles 103 
Acoustics of buildings 

ZI16 

Audio-frequency 88, 782 
Audiometer 88- 9 
Distortion 380-1 
Harmonics 597-8 
Modulation 299, 380-r 
Unit 353 

SOUND FILMS 1113-lllD 

Attenuator 87 
Recording 1008, 11x3 
See Loud Speaker; Photo- 
electric Effect ; 

SPARKING 1120 

Corona 331 
Flash-over 520-1 
ui gases 701-2 
Plug 1121 

Quenched spark 985 
Spark gap arrester 409 
Spark gap furnace 1121 
Spark gap generator 362 
See Arc 

STARTERS 1144-1150 

Automatic 90-1, 1148 
Centrifugal 203 
Cut-outs 345-6 
Eddy current 1150 
Eddy drag in 414-5 
Liquid 77t-2. 1148-9 
(Plate f. p 772) 

Metallic resistance xi 4 5 
— drum type 394-5. 1146 
— face plate 488-9, 1145 
•—grid resistance 589 

1145 

— multiple lever SOfi 

Motors 

— compound 269 
— induction 1130 , 1148 
— squirrel-cage 1130 
Kotar> ccnivcrter 307-8 
Transformer 1140 
— auto loo-i, 1 149 
— star-delta 1131 , 1141 , 
X 150 

— “ Y "-delta 1131, 1141, 
1x50 

Plate f p 1144 

STATOR 1155 1100 

Altci nator 40-4 
L.uinnatiuus 719 
V eutilation 1157, x 367 
Yoke 1429 

See Alternator ; Cener.^- 
tor , Motori ; Rotor 
STEEL 1100-3 
Alloy 24, 1160 
Lohys 775 
Magnetic 701, itOi 
Stalloy ti39 
See Iron , Metals 

SUB-STATION 1171 1178 

Automatic 1174 
•• Grill ’’ 589-91, 1173 
Kiosks 508, 1172 
Undcrgiouiid 5o>S, 1173 
bee Power Station, 
Switchgear ; Trans- 
lonncrs Plate J. p. 
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SUPPLY 1182 

liiilk 157 
Cost", of 381 
Network 87^-9 
— continnitv 298 
— countcrpoi‘,f‘ 332 
— discriminative protec- 
tion 877 
— Grid " 877 
--linking 87H 
-- sectionalizing 878 
— short-circuit protection 
878 

— systems 877 
— voltage regulation S78 
Sound film plant 11x5 
Undertaking charges 300 
bee Distribution ; t)ver- 
head Lines ; Trans- 
mission 

SURGE 1183-1184 

Arrester ; See Arresters 
Overhead lines 90X, 1x83 


SURGE Uonid.) 

Protection 277-8, 435, 

XX84 

Voltages 185-6 
See Lightning ; Protec- 
tive Devices, etc. 

SWITCH 1188-1197 
Applications 

— bus-bar sectionalizing 

Z 2 X 2 

— contactor 295-7 
— earthing 1213 
— interrupter 699, 1393 
— isolating 379, 7x7 
— section 1064 
— stop and start 1163 
Construction 
— contacts ir8S 
— dead hinge 352, 717 
— length of gap 1188 
— mechanical action 1188 
— rate of make and break 


— ventilation 1369 
Strapping wires 696 
Types 1189-96 
- cooker control 321-4 
— disconnecting 379 
— door 303 
— double-throw 393 
— emergency 475 
— feeler 509 
— flasher 1050 
— fuse 1208 

int'^rlwi k'ng t>94-5 
■ ii!i< I 696 


- -key 714 

— kmfc 7x7-8 

— limit 769 
— marvel 805 
— master 8ob 
— mexcury 818 

-oil-break 890 


- -pear 912 

- plunger 933 

- push 475 

— quick-l>rcak, 717, 985 
— rotary 1050 
— splitter 389, 1127 
— star-delta 1143 
• - three-pole 1274 

- throw-over 1275 

- time 1278 

- trip 1331 
--triple ['olc 1274 

- tumblci 1337 
-two-wav 13(0 


SWITCHBOARDS 1197 - 
1208 

Panel 301, 905. 1197 
Stage 1 1 36-9 
See Remote Conti ol ; 
Sub - station , Plate /. 
p 1208 

SWITCHGEAR 1210-1228 

\rcmg • Sec Aics 
Bushings 280 
Ciueiuj 2iq, 1 113-19 
Contacts 293-4 
Interlocks 096, 1227 
bee Ciicuit Breaker; 

"Grid" Scheme; 
Power Station , Re- 
mote Control * Plate 
f p. 124K 

SYNCHRONOUS 

Alternator!, 46, 1229 
Clock 242 
Condenser 1231 
Convertei 444, 542, 1232 
Frequency changer 542- 1 
Machines 443-4, 54X, 628 - 
9, 1229. 1232 
Motors 1233 
Synchrom/iiig 1239-31 
Synchroscopes 1233 

SYNCHRONOUS MOTOR 
1233: See Motors 

tappings 1237 

1 Dissonance coil X50 
Starting rotaries 307 
Tap-changer 1237 
Sec Transformers 

TARIFFS 1237-1238 

Bulk supply 157 


TARIFFS (coHtd.) 

Contract rates 300 
Elat rate 300, 522 
Two-part 300, 1338 
Two-rate 300 
See Costs 
TELEGRAPHY 
Morse code 833 
Photo 7X8, 926, X241 
Tcloctograph 124X 

TELEPHONY 

Automatic 91-6 
Bank contacts 1x2 
Distortion 380-1 
Jacks 705 
Jumper 711 
Radio 1241 
Selector 1066 

TELEVISION 1242-1249 

Cathode ray 199, 1246 
Colour 925 
Photo-cell 924, 1242 

TEMPERATURE 

and conductivity 281-2 
Centigrade 202, 12O6 
Coefficient 1249 
Conversion 202, 1266 
Effects 54, 1249 
E'ahrenheit 491, 126O 
R( amur 12X16 
Rise 1249-51 
Switch 12-66 
See also Rating 
TESTING 1252-1260 
Ballistic method 110 
Cables 170 
Comlensers for 278 
Continuity 1255 
Dielectric 377, 521 
Discharge 378 
Dynamos 579, 621 
Fall ol potential 
Flash 521, 1253 
Flux 1257 

Hysteresis 632 
Indui tion method 504-5 
Instruments 56 
Insulating materials 377, 
521-2 

Insulation 579, 1253 
Insulators 144, 1253 
loinls i25t 
Lamps 1259 
Magnetic 1256 
Oil 89 1 

Prouy brake 962 
Receivers 1002-4 
Set 810, 1257 (Plate j. p. 
1 266) 

Stroboscopic 1170 
Sunipner’s test n8o 
Track bond 1255 
Transformers ii8o, 1320 
See also Faults 
THEATRE PLANT 
Cyclora 111,1 346-7 
Dimmers 367-9, 1138 
Floodlights 528 
Footlights 523. 1x32 
Lighting 1x32-9 
Mam 1260 
Switchboard 1x36-9 
THEORY 

Atomic 87, 460 
Proton 974 
Quantum 983 
Radioactivity : See Rays 
See also Electricity ; Mag- 
netism 

THERMO-ELECTRIC 
COUPLE 1264-1265 

as source of current 370 
Definition of 332 
in galvanometers 1266 
Inversion effect 1265 
See Pyrometers 

THREE-PHASE 1271 

Connexions 291 
Connexions of condensers 
in 275 

Four -wire system 127!: 
Meter 1271 
Motor 1272 
Kotoi 1272 
System 1273 
to Six -phase 360 


TOOLS 1282-1284 

Fusion- welded 1x63 
Insulated pliers 676 
Keys 7i4-t5 
Machine 789-90 

TRACTION 1286-1305 

Regenerative brake 1019, 
1302 

Statutory regulations 
405, 1287 
Trolley-bus 1332-7 
Plate J. p. 1296 

TRANSFORMER 1312-1824 

Bank 1x2 

Breakdowns 140, 972 
Connexions 1319 
— bar-primary 342 
— Dessauer 356 
— Scott 922, 1163 
— Stemmetz 1163 
—zigzag 1429 
Construction 1314 

— bushing 280, 342 
— installation 1322 

— laminations 719, 1139 
— od 111 1323 
— sheil type 1077 
— ventilation 1318, 13O9 
Errors in 342-3 
Feeder 50S 
Generator 1324 
Secondary cliokes 216 
Starters 11 49 
Station 1324 
Testing 1180, 1320 
Theory 1312 
— burden 342 
— chemical effects 212-3 
— coupling 64, 333 
— efficiency 13x4 
— hr?t principles 453. 

Vol II. vn 

— frequency change 543-4 
— harmonics m 1314 

— humming 628 
— losses 1312 

— no-load current 882 

— output 1313 

— parallel operation 131 ( 

— -se(i.,udary circuit 223 
— three-six-phase 923 
— three-two-phase 922 
Types 1314 

•—auto 99-101, 128-9 
— Bauch 408 

— biassing 130, 972 

— bus-bar 162-3 

— commutator 263 

— current 342-4, 1316 
— DC 372 

— instrument 13x6 
—static 1155 
— summation 1179 
— tap-changing 1316 
Plait /. p. 1320 

TRANSMISSION 1325-1327 

Attenuation 87 
Beam 120-1 
Broadcast 148 
Continuous wave 298-9 

D. C. 370-1, 1275, 1326 

E. H T. 488 
Interfering 693 

of still pictures 545 
Sec Cables : Distribu- 
tion ; Overhead Lines ; 
Supply 

TRANSMITTER 1327-1829 

Aerial 17 
Aerial circuit 18 
Cathode ray 1248 
Choke control 218 
Crystal control 337-8 
Master oscillator 1327 
Power supply 1328 

TUNING 

Aerial circuit 194 
Baud-pass xio, xo66 
Coil 653 

Ganging 553-4, 99* 

Single span x xox 
Special for A.V.C. 98, 99 
Tubed anode circuit 1 337 
Sec Receivers 
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X-R/CVS 


ULTRA-VIOLET RATS 

^ 

I ILTRA-VIOLET RATS 
^ 1348-1848 

in agriculture 21 

UNITS 1348 

Absolute 1 

Capacity 13, 183, 494 
C'.Ci.S. 203-4 
C onductance 823 
Klectro'niagrictic 304, 
447-8 

Klee I ro -motive force 1371 
Klectros'tatic 204, 471 
Knergy 134. 482, 1385 
Force 40 J, 5O3 
F.P.S 534 

l-requeiicv fioS-q, 715 
I'Uiidanieiital 540 
Heat 146, i8r 
Inductance 008, 983 
Induction 8oq 
International 697 
Length 61, 202. 826, 829 
laimiiiou's intensity <197 
.Magnetic ilux 797, 809 
Magnetic force <it>3 
M.M.F 58. 580 
Potent lal 424. i 374 
Power 6^3. 71U, 1385 
Quantity 57, 33 = 
Reluctance 1429 
Keststaiiee 810, 884 
Sound 353 
Work 623, 71 1 

valves 1363-1864 

^ Applioationg 

■ -as amplifier 240, 783, 
t357 

— as detector 358- (10 
— as oscillator 148, 893, 

985 

— as rectifier 3.38, sSh 

— for Class ” B " work 240 
—in H F. fuinacK hi 5, 

- 1364 

Characteriftio 203 

- ainplificatio.'i factor 
1357 

— grid current 586. 135^1 
— inter -electrode capacity 
092 

— mutual condtn tanre 
8 (j8 

— slope 1107 
Conitruction 

— anode 62 
— cathode 197, 650 
— getteriiig 580 
— grid 586 

— indirectly healed cath- 
ode 650 

Theory 461, > 3S3 
— cross modulation 337 
—grid leak 580-8 
— grid pow'cr 587 
— Ill cascade, 195 
— in push-pull 981 
— intervalve coupling 

783-4 

— reaction 994 
—saturation 1057 
—space charge 1120 
Typei i359-t*4 
— audion 89 
— diode 369, 1353 
— four-electrfxle 535 
—light 768-9 
— magnetron 803 
— iieutrodyne 880 
— nodon 881 
— pentode 913 
—tetrode 535 


VALVES {conld,) 

Typei, three-electrode 
1271, 135.V 
— thyratron 1276 
— trlode 1355 

VENTILATION 1367-1879 

Alternator 43, 1367 
Cable ducts 1369 
tonvection 303 
Effect of surroundings 
on 1370 
Fuses 1369 
Rectifiers 1369 ' 

Stator 1157 
Switches 1369 
Systems of 1367 
Transformers 1369 
Turbo-Jilteriiators 1368 

VOLTAGE 1736 

Active 13 

Applied to dielectric* 363 
Coefficient 1372 
Constant 293 
Control 1372 
Delta 353 
Diametrical 360 
Drop 388, 702, 773. 137.3- 
4 

Indications m a<cumu- 
lator clmrging 2 1 1 
Limitation 210 
Line 771 
Mesh 353 
Peak 912 
Primary 950 
Regulation 878. 1092 
Resonance 224 
Star 1140 

Surge on ovcihead liiip- 
1184-5 

Symmetrical 1228 
'I ransloriualioii 305 
'* \ ” 1140 

See T h e o r > : ’1 rans 

former, etc 

VOLTAGE REGULATORS 
1374 1376 

Alternator 47 
.Application to nioderu 
machines 293 
Brown-Bo\eri 1376 
Compensated 294-5, 1375 
Condensers lu .V C cir- 
cuits 275 

Differential booster 363 
Field 1375 

induction 6O7-8, 669, 

1374 

in generating scLs 566 
Magneto 1374 
.Moving roil 667-9 
on ex« Iters 485 
Scope of 1375 
Single-phase 66S-9 
Switch type 1374 
Three-phase O09 
Thury 1376 
Tin ell 1279, *375 
VOLUBIE CONTROL 1879- 
1361 

Automatic 96-9 
See Receivers 


W 


ATER HEATING 
1260 2. 1863-4 


in bakehouses 106 


WAVES 1390 

Absorption of 3 
Alternator wave form 26, 
408, 439 


WAVES {contd.) 

Amplitude 59 
Analysis 1390-2 
Attenuation of 87 
Audiometer measure- 
ment of 88 
Average value loi 
Carrier 195, 1093 
Continuous 398-^ 

Crystal rectification 338 
Damped 347-8 
Distortion 380-1 
F^lectro-inagiietic 656-7 
Examination by cathode 
ray tube 199 
Form factor ot 535 
Hertzian 009 
LC.W. 633 
Interference of 611 
Propagation 963 
Protective condensers 
277-8 

Ripples in 1048 
Side bands 1093 
Ultra-short 1341 
Velocity of propagation 

1350. 1367 

See Harmonics; OsiiHa- 
tinns 

WELDING 1394 1400 

Butt 164-5, 1 39H 
J.ead burning 732-3 
Spot ii2tS, i3pS 

WHEATSTONE BRIDGE 
1400-1402 

for measuring iiuluctance 
1401 

I'se n! galvaiiniiieter 
with 349 
See Bridges 
WINDING 1403 
Barrel 1 12 
Basket 113, 4 76 
Compensating 265-6 
Compound 267-73, 29X 
Damping 348 
Diagram i4«»3'4 
Differential 365-7 

' Dtuin 395, 514 
F.lenient 728 
Fac tor 1 128 
Field 510, 5*3 
Heniilropif 477 
Lap 441, 477, 7-’8 
Lattiie 476, 72H 
.Multiplex 867 
Prmiarv 959 
Secondary io6t 
Senes 1074 
Series parallel 1071 
Shunt X091 
Simplex 1097 
Skew 476, 1102 
Spread factor of 1 128 
Step X I (>3 
Tertiary 1252 
Tuiinel 133H 
Undivided 477 
See Coils ; Connexions 

WIRE 1404-1405 

Armature 1404 
Copper 328-9 
Cotton -eovered 1405 
Eureka 483 
House 1405 
Leading in 734 
Middle 828 
Pilot 92H 
Resistance 483 
Silk-covered 1096 
Strapping 1164 
See Gauges 


WIRELESS " 

Absorption in 3 
Beam transmission and^ 
reception 120-1 
Broadouting 146-9 
— kilocycles 715 
— microphone 147 
—modulation 148 
— reception 149 
— transmission 148 
Direction finding 374-6, 
581-2 

Distortion in 380-1 
Goniometer 581-2 
Heaviside layer in 606-7 
Heterodyne interlerence 
61 1 

Heterodyne reception 61 1 
Interference in 693-5 
Side bands 1093 
Signal strength 1093 
Skip distance 1 103 
Wired 1405 

See Receiver ; Recep- 
tion ; Transmission;. 
Traiisiiiilter ; Waves 

WIRING 1406-1420 

Buildings X67, 526, 1419 
Cables 169-70 
t.'asing ot 196, 1408 
China insulators 1409 
Cinemas 2x9 

Circuit box selection 1415 
Cncuils and sub-circuits 
::7o, 14*4 
C Icat 241, 1.109 
Coiicenlru 273, 1412 
Caindiiits 282-7, 419, 

1061, X406 

Connedmg box in 289 
Corinei ting up 290 
( oukcis 32 X -2 
C oppei sheathing 1x40, 
1411 

Diagrams 240, chart f. p. 
1416 

Distribution boards 388, 
1418 

Distribution fuse box 
*4*3 

FTliswan 417-8 
Faults in 500 
Fittings X416 : See Light- 
ing Fittings 
Glorlad 580-1 
Henley 169. ti07-8 
LEE. regulution.s 1170, 
1406, 1414, 1420-2 
Joints .ind connexions 
*4*5 

J. P. 706 

l.ead ami lead alloy 1410 
Lighting and heating 
circuits 1415 
Looping m 776, 1416 
.Ma(f)uite 790 
Outlet box 897 
Presiot 967 
Solid system 1 1 12 
Stannos system 1*40, 
1413 

Sub-rircuits 223, 1170 
Surface flexible 1182 
'lough lubber 1266, 
1409 

Training of wireinexi 1407 

Chart /. p. 1416 

See Lighting Fittings 

X -RAYS 1422-1426 

Apparatus 1423 
Production of 462, 597, 
702, 1423 








